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PREFACE

‘This report constitutes the second of two volumes which summarize
the work accomplished under Contract NAS8-21282, It contains supporting
experimental data, a theoretical analysis, and a listing of a digital computer
program designed for predicting dynamic stability of propellant tanks under
longitudinal excitation. The {irst part of the work, which deals with the
dynamic state of the system prior to instability, is summarized in Final
Report, Part I, entitled "Influence of a Riéid Top Mass on the Response of
a Pressurized Cylinder Containing Liquid,"

Bqth Part I and Part II of this Final Report are published on the
same date, They present significant extensions and refinements of concepts
"originated under previous investigations conducted for NASA-MSFC,

Results of this preliminary work are summarized in "Dynamic Stability and
Parametric Resonance in Cylindrical Propellant Tanks,'" by Daniel D, Kang,
Wen-Hwa Chu, and Tom D. Dunham, Final Report, Contract No. NASS8-

20329, SwRI Project No, 02-1876, January 17, 1968,



ABSTRACT

Dynamic instability and associated parametric resonance is a
dominant form of response in a longitudinally excited cylindricé.i shell con-
taining liquid. In order to assess the significance of such responses in a
space vehicle propéllant tank, the present paper is devoted to a theoretical
and experimental study of their occurrence in a cylindrical shell system
which includes the influences of axial preload, ullage pressure, partial
liquid depth, and a finite top impedance. Donnell shell theory along with
a modified Galerkin procedure is utilized to formulate equations which
govern the stability of perturbations superimposed on an axisymmetric
initial state of response. Stability boundaries are computed for a range
of parameters affecting the region of principal parametric resonance and
are compared with experimental results, It is found that liquid depth, top
impedance, and ullage pressure have a strong influence on stability, while

the effects of axial preload are relatively insignificant.
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NOMENCLATURE

radius of the shell

speed of sound in the liquid

E/pg, speed of stress waves in the shell

modulus of elasticity

standard acceleration of gré.vity

h/a, nondimensional liquid depth

hs/a., nondimensional thickness of shell

mass moment of inertia of top weight about z axis

length of the shell

one-half of th.e number of circumferential nodes; cos (m6)

dynamic part of initial-state stress resultants [nondimen-
sionalized by (1 - vz)/Ehs]

static part of initial-state stress resultants [nondimension-
alized by (1 - v2)/Ehg] -f

axial wave number; sin nmwx/{

 nondimensional pressure loading on shell, P,./E

axial preload, ullage pressure

cylindrical coordinates (space-fixed) nondimensionalized by
radius a '

shell displacements u, v,w, nondimensionalized by the
radius a

nondimensional amplitude of axial excitation (X = Xg/a)
top acceleration impedance (force/acceleration)

density parameter pyja/pghg



NOMENCLATURE (Cont'd)

v Poissonsg ratio

o velocity potential, nondimensionalized by m%az [wy

Py mass density of liquid

Ps ‘mass density of the shell

T nondimensional time, T = wpt

wf‘) liquid parameter c%// a2

Wy response frequency

w excitation frequency

Wy natural frequency of mx-1.<’th mode

Q% designated frequency, nondimensionalized by az/cg

ﬁ% designated frequency, nondimensionalized by (1 - v2) X
aZ/cg

Qf designated frequency, nondimensionalized by a2/ c%

Superscripts

(") the amplitude of ( )

(*) (d/d7) (), T=wt

()P related to initial state response
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INTRODUCTION
Dynamic instability and parametric resonance are known to occur in
many engineering systems. Numerous classic examples have been studied

1

in detail by Bolotin®, In more recent experimental investiga.tiom.Z

, it was
found that this type of behavior is dominant amidst a complex variety of
responses which can be observed in a longitudinally excited model vehicle
propellant tank which is not sufficiently reinforced with stiffeners., A theoret-

ical and further experimental investigad:i()n3

was conducted for a longitu-
dinally excited, liquid-filled cylindrical shell, It was found that the system
initially tends to respond in a state comprised of linear axisymmetric modes.
However, the resulting membrane stresses form a parametric load with
respect to nonaxisymmetric perturbations superimposed on the initial state,
Thus, for wide ranges of the excitation parameters, instability and subsequent
parametric resonance results, and linear vibration theory is no longer ade-
quate to predict the response of either liquid pressure or wall motion,

In order to assess the significance of such instabilities in a propellant
tank which forms a component in an overall space vehicle structure, the
present paper is devoted to a study of their occurrence in a cylindrical shell
system which includes the influences of axial preload, ullage pressure,
partial liguid depth, and a finite top impedance. A diagram of the system is
shown in Figure 1, which includes the appropriate parameters and boundary

conditions for both the initial and perturbed states. The initial state

represents linear forced axisymmetric motion, whose responses have already
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been determined, along with natural frequencies and modal functions for the
system4. Stability of motion in the perturbed state is the subject of the
present paper, although results from Reference 4 must be utilized in part
of the analysis, Note that, theorei;ically, the perturbed state can be either
axisymmetric {(m = 0) or nonaxisymmetric (m > 0); however, for a single

tank system, the nonaxisymmetric form of instability is dominant,

DERIVATION OF STABILITY EQUATIONS
The perturbed motion represented by Figure lb will be analyzed by
means of Sander's nonlinear shell equationss’ 6 which are based on Donnell
approximations., These equations contain nonlinear terms resulting from
the rotation of shell elements as well as nonlinear strain-displacement

1 and assume that

relations, We will follow the philosophy of Bolotin
retaining only nonlinear terms which result from rotations is sufficient to
determine dynamic stability, Compressible flow theory is used for the liquid,
The motion is expanded into a series of the natural mode eigenvectors which
were obtained from the solution of the free vibration problem4. A modified
Galerkin procedure is then utilized to reduce the system to a linear second-
order, time dependent set of coupled diffgrential equations having periodic
coefficients., The method is "modified' in the sense that the natural modal
functions (fini_te series eigenvectors) are chosen as weighting functions, although
they are not of closed form. An approximation of the éerturbed motion will |

then be obtained by the use of only one eigenvector term of the series, so that

the coupled set reduces to a single stability equation,



Thus, the governing shell equations are
F; = Ly U+ L,V + Ly3W - $32820/a72

Fp = Lo U+ LypV + LysW - G28%v/a72

=0

0

of the form

F3 = L31U + L32V + L33W - ﬁ%aZW/aTz + EdL33W cos wt

(1 -v?) :
+ T P,
where
2 _ 2 2
L11= +1 v 9 , L12=1+v 9
9X% 2 502 2  0Xob
- 9 1+v 82
L1z =v 5% L21 =5~ %50
2 2
o 1-v 9 o
Loo = + , Loa = —
22 892 2 BXZ 23 56
9 9
Liaqy = - v S—, Loy = = 2
31 77V R% 327 " 59
HZ , o4 4 4
_ s/ 9 9 9 9 .« 98
33 7 - [12 (8X4 ve 9X2902 ¥ ae4> ¥ 1} +[3X (NXXS 3X)
) * 00 9 3% 0 0 * 9
2 2 )+ 2 SV N 2
X (NXGS ae) M (Nexs ax) * 30 ( 60s 30)]

= 0 for free vibration

m
o
1

= 1 for forced vibration

m
[o}
|

Pressure loading onthe shell is given by:

=0

(la)

(1b)

(1c)

(2a)

(2b)



(1 - Vz) ~2 8@ -
—""""'HS Qoﬁ 57 @ atR =1 (3)

where the fluid velocity potgntial is governed by
vl g2a2alarl = o (4)
Boundary conditions onthe fluid and shell are:
At X =0,
U=0, W=0, V=0, 32w/ex%=0
At X =1£/a,

W=0, V=0, 982W/ax% =0

and
F4 = 89U/0X + 2**(G252U/872 = 0. (5)
where
2
e _ 2ot - V%)
Z = 5 form =0
2wpga“hg
e (1 - Vo),
VAR for m =
4pghga
Z** = o i;'or m > 2

Solutions of the shell motion having a given circumferential displace-

ment distribution will be sought as expansions of the m, k-th natural modes

K K
U6, 7,X)=cos mb ) a7V 1 (X)= 3 a U (6a)
k=1 k=1
K K ‘
V(6,7,X) =sinmb ) a7V, (X)= 3 a2, Uy (6b)

k=1 k=1



K K
WwW(8,7,X) = cos mb0 Z ak(T)ka(X) = z a1 Usy (6¢)
k=1 k=1 -

where for convenience we have defined a general shell displacement

vector
U = U(U, vV, W) = T(U;, U, Us)

which is a function of both space and time and is associated with the fluid
velocity potential ® and upper shell displacement Uj.

The potential & satisfies Equation (4) which forms a constraint on
the shell system. In order to interpret the fluid pressure loading as an
apparent mass which is valid at the response frequency w,, We express the

potential for forced motion as

K
80, T,wp R, X) = cos mO ) ay(7)8, 1wy, R, X) (7)
k=1

Note that ‘I'mk(""r’ R, X) is the component of @ associated with a shell displace-
ment component Wik, and both liquid and shell motion is anticipated to be
nearly periodic with responses at frequency w;,. At the shell wall, we use the

notation

For the special case of wy = w), the system responds in the m, k-th

natural mode, and the shell displacement modal functions form the vector

Uk = Ur(U1ks U2k, Usk)



This vector is a function of space only and is associated with the fluid
velocity potential &) (wy, X) and the top displacement Uy,. From the

definition of natural frequencies, these modal functions satisfy
3

-21 LijUji + 633025B Bmiklwi, X) + G Uy = 0
J =

i=1,2,3

aUlk/ax = Z**ﬁ%{Uzk at X =4£/a

We now consider the forced motion. By means of a Galerkin

7

procedure’, we form an expression for virtual work in the system

3
'Z,l ‘£ Fl(U) . Uik' ds + Emé F4:(U£k) . Ulk' dé =20
1=

where

‘1 form = 0,1

m
i}

€ 0 form>2

m

(8a)

(8b)

(9)

More specifically, we substitute Equations (3), (6) and (7) into Equations (1)

and (5) and then by means of Equation (9) form an expression for virtual work

between forces (expressed in terms of displacements) associated with the

general forced motion and displacements associated with the m, k'-th natural

mode, There results:



3
2 Uge(LyjUyi) dS

. 3
- ag f ﬁ%ﬁ@rnk(wr,X)Ug,kr cos mé dS - ﬁ%é’.k f z U;kUjk dS
S Si=1

~ oU1yc
+ €gai cos wtéf U3 (L33U031)dS + €4y é/-(ak 5% Up !

+ 2*Q25, Uy 1 Uy k.) de] =0 (10)

Upon use of Equations (8), reverting back to the more conventional displace-
ment symbols in Equations (6) and carrying out the spatial integration, this

can be written as

K
z [(KZklk - €mK4k'k)(ﬁ%‘é.'k + ﬁlziak) + K3k'k(§%‘.é'k + ﬁiak)]

K
k=1

+ aka:k'cos wt} =0 (11)
where k' =1,2,3,...,K, and
£/a
KZk'k = f Umk'UmkdX (12a)
0
£/a
K3k'k = f mG.mGdX (].Zb)
0
2w ,
K4k|k= Z** f Ulkle kde (].ZC)

0



2 f/a
“o
Myplwy) =8 — Wimk' Emklwr, X) dX (124)
w

Mkuk(wk) = ﬁ ;—2- kalémk(wk, X) dX (12e)

£
Ik’k = 6/. ka,kadX (].Zf)

2 2%
_ f ~ s 9 ka + ONyxd OWmk
Ny = - Wk \Nxxd 532 oX  oX

2¢
- m Needwmk>dx (12g)

The coupled set of K equations (11) govern the perturbed motion, described
in Figure 1b, for a given value of m. We will limit further discussion to
the case of rr:;odes having m > 2. For these modes, the dominant motion is
radial for the set of natural modes at lower frequencies. Thus, the terms
under the first summation can be neglected, and, in matrix notation,

Equations (11) become
aZlml {a} + 021 {a} + [T] {2} coswt =0 (13a)

where the elements of the k-th row and k-th column of the corresponding

matrices are

Mg = Myglwp) + T, Ko = Myl ) + Iy

10



11

?k'k = Nk'k; and {a}: ﬁ . g’

2K
. J

Equation (13a) can further be written as
a2 )
L - -1
+ =
{3} = [M17° K] {2} + M1t (71 {a} coswt =0 (13b)

r

When the flow is incompressible, Mklk is independent of w and we have
[MmI- K] = [1]

where [I] is the identity matrix. It must be emphasized that Equations (13)
are not general differential equations in time but include the restriction of

nearly periodic motion in the generalized apparent mass given by Equation (7).

EVALUATION OF MATRIX ELEMENTS

Modal Functions

Elements of the matrices in Equations (13) will now be evaluated from
Equations (12d-g) in terms of the X-dependent natural modal functions
(eigenvectors) of the system. These functions, which are not of closed
form, have previously been determined from an eigenvalue problem4 in

terms of the following series forms for the shell displacements:



=1 2

N
+ Y Bpnk €08 A X (14a)
n=1
N
Vmk(X) = Z Cmnk sin ApX (14b)
n=1
N
WilX) = Y A sin X (14c)
n=1
and, for the velocity potential,
N
Cnklwps X) = 2 Aok ¥mn @y X) (15)
n-=

where ¥ (wy, X) is a component function which satisfies Equation (4) for
vibration at frequency w,, and corresponds to the sin \,X component function

in W_ i through the boundary condition which must be satisfied at the tank

wall?,

Mass Coefficients

The mass coefficient Ij 1 will now be developed from Equation {12f).

By means of Equation (14c), there results

t/a N N
Ik.k=f > Y ApnkAmn'k'sin X sin 4, X dX
0

n=1 n'=1

:1
Zan '

n™M 2z
™Mz

N
£
. AmnkBmn'k' On'n = >a Zl AmnkAmnk’ (16)
. n=

l1n

12



13
By substituting Equations (14c) and (15) into (12d), the
liquid apparent mass coefficient corresponding to the response frequency

Wy becomes

N N
My o) = Z Z ArnnkAmn'kmn'n(“’r) (17)

n=1n'=1

where

2 1l/a
“0
M1 o(wy) =B — f Vo, X) sin A 1XdX
wr 0

Except for a normalizing constant, the latter expression has also been

evaluated in previous work, That is,

Wyinloy) = aZiM (18)

mn'n
where

4
Y
o,%_u = f sinz)\naXdX = z-;
0

and My n'n is given by Equation (18a) in Reference 4. Note, however, that the

free index k used in the referenced expreésion is not the same k which is

used to designate the natural mode herein, and we must also use wy = w.
Finally, the apparent mass coefficient My 1y (wy) given by Equation (12¢)

is obtained simply by substituting w, = wy in Equatiéns (17) and (18).

Parametric Coefficients

Upon substitution of Equation (14c) into (12g), we obtain:



™Mz
™MZ2

Ny = AmnkAmn'k"In'n (19a)
n=1n'=1
where
ile ofN%
Jntn = f ()\rlef;xd sin \pX - \p ‘agXxd cos \pX
0
+ mzf\fged sin an> sin A1 X dX (19b)

The dynamic stress resultant amplitudes N;k:xd and N29d are produced by
forced excitation in the axisymmetric initial state described in Figure la.
These stress amplitudes can be expressed in terms of the amplitudes of the

initial-state displacemenfs by means of the usual stress-displacement

equations

-~

~ % P -~ :
xxd- = 81;( + v WP (20a)

oUP

Npeq = WP +
66d vV 5%

(20b)

Thus, the parametric coefficients are partly determined by the initial state
displacement amplitudes UP and WP.

The solution to the linear forced axisymmetric response of the initial
state, in terms of displacements, has previously been given by Equation (25)
in Reference 4. However, in the direct use of this equation, the appropriate

elements of its matrices must include the substitution

ale ale
e

M** = 2** for m = 0, 1 (21)

14



since an arbitrary acceleration impedance is allowed in the present problem,
rather than only a rigid mass. Further, to allow for comparison of numeri-
cal and experimental data, it is convenient to express the initial-state
displacements as ratios of the excitation amplitude XO’ Therefore, the

dynamic displacement amplitudes are of the form

UP = XOE- BPX? + BP (X - %) +BP o

™Mz

+

Bann” cos )\n”X] (22a)
n

1

N .
wP=x, 2 AP .sina X (22b)
n''=1

whose coefficients are completely determined by solving for the case of

The initial-state stresses can now be determined. Upon substituting

Equations (22) into (20a), there results

N
N;;Xd = XO [BI]? + BIZ)X - Z ()‘n”BIPénn” - "Axpinn”) sin )\,nnX] {23a)
o n''=1
and the derivative is
-~ N
ONZ
a};{Xd = X [BIZ) = Ap' Z ()\nnBrI;nn - VAgln") cos )\nnX] (23b)
n'"=1

Upon substituting Equations (22) into (20b), there results:

15



N

Nhoq = Xo [V(Bﬁ’ + BPX) + 'Z 1 (AR L - vxn,.Bﬁmu) sin )\.nnX] (23c)
n' = '

For convenience of computation, these stress resultants and deriva-

tives are expanded into complete Fourier series as follows:

N
N;‘;Xd = XO ”z _ Nln“ sin )\.nnX {(24a)
n =
N
Nt =X, > N, ,sin\_,X (24b)
664 0 1 2n n
L Al =
N N
ONyxd N p z -
axX - X0 (BZ + Eo N3pt cos )\nnX> (24c)
n -
where
Nlnll ': BIZJi,].n” + B?ionn - )"n”BII')nn” + VAIP;ln“
NZn” = All')nn" + V(B}'Z)ilnn + Blf)zonn - Kn”BII')nn”)
N3nu = = XinBElnn + V)\nuA?nnn
and
L/a
~ 2a )
Xonu = T f sin hnq:X dX
0
5 L/a.
Ly = = [ Xsimruxax

0

16



The parametric coefficients can now be completely evaluated.

Upon substitution of Equations (24) into Equations (19), there results

N

N N
_ 2
Ny = Xo 2, Ak BAmn k! { 2 O8Ny ndjngi,

n=1 n'=1 ) n''"=1

. 2 1%
+ m NZn”-dn”n'n - )\nN3n"en”n'n) - )‘nBZeOn'n]

where

/a

€0n'n = . CcOSs )\nX sin )\ntX dX

Ok_\.h

la

€nttn'n cos kn.,X cos‘ )\nX sin )‘n"X dX

-

[a
sin A X sin A1 X sin A, X dX

dn"n'n =

One-Term Approximation

17

(25)

For the m-k'th natural mode in Equation (13a), set k' = k to obtain

ﬁ%ﬁak + ﬁﬁk_ak + XO—'I_‘ak coswt=0

where from Equations (16-19)

M2

N N
— £
M = - 2
~ 2a z z ] AmnkArnn’kan’n(“’r) + 232 ) Amnk

i

n

Z

n ™M

N N
—_ g ] 2
K= 22 > 2 ) AmnkA-rnn'kan’n(wk) ts2 . Amnnk
y n

(26)
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_ N N N 5
T= z zl AmnkAmn'k Z (Xann”dn”n’n

n"=1

2
+m NZn”dn”n'n - )‘nN3n”en"n'n) - Knteon:n]
Equation (26) is a Mathieu equation whose stability properties are

well known., To put it in a standard form® for determining the stability

boundaries for principal parametric (1/2-subharmonic) resonance, we set

w = 2w, and obtain

&y + (2 + 29X cos 27T)ay, = 0

(27)
where

-
Q2K .-
G2M

T

202M

a =

g

The stability boundaries can then be approximated by

aXp

a-lfora>1

(28)
§X,=1-afora<l

In terms of input acceleration, which is convenient for experimental mea-

surement, these become

(29)

THEORETICAL AND EXPERIMENTAL RESULTS
Experimental data for stability boundaries are obtained from the

apparatus shown in Figure 2, All pertinent parameters, including the input
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impedance Zg of the boundary condition at the tank top, could be measured,
The use of acceleration impedance (force/acceleration) proved to be most
convenient in this application, Variation of the impedance was achieved by
using different rigid masses as well as the loading frame. The cylinder
is made of 0, 005-in, stainless steel, has a diameter of 10 in,, and is
14.5 in, long (the same cylinder as that used in Reference 4).

Theoretical and experimental stability boundaries are compared in
Figure 3 for the k =1, m = 10 mode. Theoretical results are obtained from
Equation (29) with N = 5 terms. Excitation conditions at or above the
boundaries result in a principal parametric resonance whose mode shape
is dominantly the k = 1, m = 10 natural mode, and whose frequency of
motion is 1/2-subharmonic to the excitation. Experimental points were
determined as the points of least acceleration where the parametric
response would occur. It is apparent that significant deviation exists
between theoretical and experimental results for the empty tank, and better
agreement is achieved for greater liquid depths. After careful scrutiny,
it was ascertained that the wider experimental stability boundaries are
principally caused by imperfections in the cylinder., That is, split natural

9

modes’ and spatially shifting modal patterns occurred so that one exact
natural frequency did not exist, As a result, the experimental system shows
a tendency to be more unstable than predicted by theory, This trend is
apparent in all the data, It is possible that somewhat better agreement

could be achieved by the use of some form of imperfection theory in the

analysis, This possibility remains to be investigated.

20
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It was desirable to determine the influence of the various system
parameters on the stability boundaries for a given mode, This was done
in terms of dimensional variables, in order to emphasize the complexity of
this influence. For this purpose, it is necessary to understand the effects
of the same parameters on the natural frequencies of the system. For
convenience, some natural frequencies which were determined in the
earlief work? for several symmetric and one nonsymmetric mode are given
as functions of liquid depth in Figure 4,

It is recognized that, in general, a more unstable system will
possess a stability boundary whose acceleration ordinate is at a lower value
for a given value of the frequency parameter 2w;_1g. Therefore, in order
to assess the effects of axial load, ullage pressure, liquid depth, and top
impedance, a stability boundary acceleration g, was determined at an
excitation frequency value of w,; = 0.996 (2w;_;¢) for a range of each of
these parameters. Theoretical and experimental results are compared in
Figures 5 through 8. These results must be compared with those in Figure 4
for proper interpretation. At a given liquid depth, increasing axial tension has
only a small effect on natural frequencies and, likewise, only an insignificant
effect on stability as shown in Figure 5, On the other hand, increasing ullage
pressure significantly raises the natural frequencies of the nonsymmetric
modes but leaves those of the lower symmetric modes essentially unchanged.
Thus, as ®_1 approaches a natural frequency for a symmetric mode, the
parametric excitation of the initial state is amplified, and the system

becomes more unstable, This is reflected by the dips in the curves in
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Figure 6. It is also interesting to note that, at certain frequencies, the
system becomes completely stable where the parametric coefficient in
Equation (27) becomes zero.

Increasing liquid depth changes all natural frequencies, as shown
in Figure 4, and has a profound influence on stability throughout the depth
range, as shown in Figure 7. This results from the coincidence of w_;
with natural frequencies of symmetric modes at certain points, as well as
the provision of an increased distributed parametric loading on the tank
wall,

| The influence of top impedance on stability is shown in Figure 8.
Increasing this impedance lowers the frequencies of symmetric modes
while leaving the nonsymmetric mode frequencies unaltered. Thus, strong
interaction can again be seen to occur. The dip in the curve occurs at an
impedance such that wy] coincides with the natural frequency of the first
symmetric mode.

It is obvious that variation of the above parameters can cause either
an increase or decrease of stability, depending on the range of analysis.
Further, it must be recognized that many nonsymmetric modes are present
in the frequency range indicated in Figure 4, and each mode can become
unstable as the one which was studied. Therefore, a complex pattern of
instability and parametric resonance occurs with many overlapping regions
of instability, The overall trend of the data shows good qualitative agreement
between theory and experiment, although significant quantitative discrepancies

exist because of the reasons previously discussed.
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Card Fortran
No. Symbol

1 RHO
RHOS
A0
SH

SHS

SL

ENU

BMSTR
Co

Z

BM
CPO

NOPT

5 UMJI(I)
6 w
BM

INPUT DATA DESCRIPTION

Variablef’
Name

386p
386pg

aQ
h

hg

£

Units

1b/in. 3
1b/in. 3
in.
in.
in.
in.

1b/in. 2

1b/in, 2

in., /sec

cps

1b secz/in.
1b

cps

1b sec?/ in.

Definition

weight density of liquid
weight density of the shell
inner radius of the tank

depth of liquid

thickness of shell

length of the shell

ullage pressure

Poissons ratio

modulus of elasticity
nondimensional top impedance
speed of sound in the liquid
no. of roots P j

no. terms in series expressions
excitation frequency

top impedance

applied force

print option

circumiferential wave number

roots of‘J]'[n ) =0, m#0

(P'mj
excitation frequency

top impedance

TNote that some variables in computer program are slightly different from
those as defined in NOMENCLATURE on pp. v to vi of text portion of this

report,
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Card Fortran Variable
No. Symbol Name Units Definition
CPo Py 1b applied force
NOPT print option
M m circumferential wavenumber.
UMJI(I) Pmj m =0 roots of J}, (Hmj) =0, m=0

PROGRAM OUTPUT

Printed Output

o ats

1. Input data h, hg, £, ag, a, pg, Z°°, 386p, 386pg, E, cq, v

2. In subroutine MITERS the mode no., eigenvalue, no. of iterations,
no. of times Aitken's delta process is used, the eigenvector, and
check eigenvalue and eigenvector

3. Mode no., ﬁk’ wy in rad/sec, and wy in cps

4, w in cps, W in cps, K, Tf, M, 7, 9, ] XO], g, and w/Zwk

PROGRAM NOTES

Subprograms Used

1. BES, computes the Bessel functions J, or L.

2. MATINV, computes the inverse of a real matrix.

3. MPRINT, prints matrix in matrix format.

4. ‘"MITERS, computes the eigenvalues and eigenvectors of a real or
complex matrix by the power method.

5. NOPT is a print option that allows printing of intermediate results.

In addition to the main program the following subroutines are used:
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The following subroutines are included as a part of subprogram MITERS:

SWEEPX

NPNRMX
DPMLTX

Some of the program FORTRAN symbols which were not defined in

SYMBOLIC LISTING

the Input Data Description are:

Fortran
Symbol

A
BMS
HS

CS

SLSTR
AONSQ
X10

X20
ALN(I)
ALNP(I)
X1(1)
X2(1)
XO0B(I)
X1B(I)

ENB(I)

Variablel
Name

a

Mg = 2mpgahgt

Hg

XOn
n

£

tCorresponding to Final Report Part I,

1

n=1,N

n'=1,N
n'=1,N
n'=1,N
n'=1,N
n'=1,N
n'=1,N



Fortran Variable

Symbol Name

ETA(J) nj j=1,NJ

CJH(I) Cim j=1,NJ

CNJI(I, J) 'én.j n'=1,N;j=1,NJ
BMJIN(I, J) émjn j=1,NJsn =1,N
BNI1(I) Nimn n=1,N

BN2(I) Nomn n = 1,N

BNO(I) Nomn n=1,N

BOON(I) Boon n=1,N
BMMNN(I, J) an'n n'=1,N;n=1,N
RIM(I, J) Rimn'n

S2M(I, J) Sormn'n

Ul1M(I, J) Ulran'n

uzM(I, J) Uspon'n

T3M(L J) Tarmn'n

U3sM(L, J) U3smn'n

V2M(L, T) V2mn'n

WiM(I, J) W1iran'n

wzM(I, J) W2mn'n

W3M(I, J) Wi3mn'n

R2M(I, J) Ryn'n

R3M(I, J) R3mn'n

S1M(I, J) Simn'n



Fortran
Symbol

S3M(1, J)
T1M(, J)
T2M(I, J)
V1M(L, J)
X1M(L, 1)
U4M(L, T)
V5M(1, 1)
R4M(1,1)
R5M(1, 1)
R6M(1, 1)
O1M(I, 1)

PIM(I, 1)

YIM(I, 1)

Z1M(I, 1)
Y2M(1, 1)
Z.2M(1, 1)
¥3M(I, 1)
Z3M(L, 1)
P2M(I, 1)
Q2M(T, 1)
V4M(1,1)

S5M(1,1I)

Variable
Name

S3mn'n
Timn'n
T2mn'n
Vimn'n
Xln’

U4n

Vsn

R4n

Rsn

Ren



Fortran
Symbol

V3M(L, J)
V5M(1, 1)
S5M(1, 1)
Uvwi(i,J)
RST(1,J)
UTR(I,J)
UWR(L, J)
AI(T)
QBH(I)
FH(I)
APH(I)
BOPH
B1PH
B2PH
CNI(I)
CN2(I1)

CN3(1)

DNNN(I, J,K)

ENNN(I, J, K)

EONN(I, J)

TPNN(I, J)

BMBAR

Variable
Name

Vimn'n
Vsn
Ssn

(ul

[R]

[Ul-!R]

[(u1 -22(r]] !
IOn‘
ap .

Fynt

{aRun HBhnH{CRun) BEoBTBE !
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Fortran
Symbol

BKBAR
BTBAR
ABAR
QBAR
X0AQ
X0STR
WSTR
WKBSQ
WKSQ

AMNK(I, J)

40

Variable
Name

K

H|

o]

[ -3)/q]|

(1 - El')/"(ﬂ~'a.)2‘an/g
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QAN

PROGRAM S{O0SH (INPUT,QUTPUT,TAPE6D=INPUT)

DETERMINATION OF NATURAL FREQUENCIES AND MCDE SHAPES SLBOD100

OF A PARTIALLY FILLED SHELL SL000200
PROJECY 0 2 - 1 B 7 6 SL00O300
SEPTEMBER 1967 51000400
MODIFIED 4 SEPTEMBER 1968 $L.000500
PROJECT 0 2 -~ 23 3 2 SLO006DD
COMMON P1,H/COM1/A,AD,CSCOW/COM2/UMJL 5)/COM3/AONSQ/COM4/ALN(10)/ SLODD700

1 COMS/ALNP(10) SLG00B0D
DIMENSION X1(10),X2¢10),X0B8¢10),X1B8(10), - ENB(10),ETAC 5), SLO0O%0D

1 CJH{ 5)Y,CNJ(18, 5),BMJIN¢ 5,10),BN0(10),BN1(10),8N2(¢10), SLOD1000

‘2 ROON(10),BMMNN(10,10),RiM(10,10),R2M(10,10),R3IM(10,10), $.001100

3 SiM(10,10),52M(10,10),53M(10,10),T1M(10,10),T2M(10,10), SL001200

4 TIM(10,10),ulmM(10,10),02mM40,30),U3M(10,105,vimM(10,10), SL001300

5  y2M(10,10),v3me10,10),WwiM¢10,10),w2M¢10,10),w3m(10,10), 5L.0014010

6 UVW(33,33),R57(33,33),UWR(33,33),T(1000),UTRSV(33,36) SL001500
DIMENSTION U4M(1,10),v4M(1, 10).N4M(1 10),U5M(1,10),v5M(1,10), SL001600

1 WsM(l, 10).U6Mc1 10),V6M<1 10),weM(1,10),X1M(20, 1),Y1M(10 1y, 5001760

2 Z1M(10,1), x2mc10 1),Y2M(10,1),22M(10,1), X3M(10,1),Y3M(40,1), $.0048060

3 Z3Me10,1),R4M(1,10),84M(1, 10).T4M<1 10),R5M¢1, 10),35M(1 1ay, sLoo0long

4 TsMel, 10),96M(ﬁ 10),s6M(1,10), TeM¢1,10),01M¢10, 1),91n(1n 1y, 5002000

% GiM(1in, 1).02M(10 1).P2M(10.1) a2M¢i0, 1,.03M<1n.1>.93n(10,1). sL002100

6 QSM(iD.l).UTR(33.36).BMMNNK(4.10.10).BMMNN0(4,1O.1O) sL002200
DIMENSION IROW(34),I1C0L¢33),A41¢(10),0BH{40),FH(3I3),APH(3D) 8$.002300
DIMENSION WCPS(4),AMNK(33,4),CN1(10),CN2(10),CN3(10), SL002400

1 DNNN(10,10,10),ENNNC10,10,10),E0NNC10,40), TPNN(10,10) S..002500
DIMENSION GUESS(33,1),VECTOR(33, 4),EIGVAL( 4), sL002800

1 NITER{ 4),US(33,8),HH(33,29),NAKSR( 4),EIGCPS( 5) 5L.002700

Pl & 3,14159245 $.002800

G = 38s,0 81002900

EPS = 1,0E~-04 SL003000
SMLST = 1,0Ee07 SLO03100
NGUESS = 0 SL003200
NMODE =1 $L0033480
NITRSP =z 100 51003400
EPSP & 0,508 SL003500
AITKEN 3 ,9 SLO03800
NTAPE = 1 8003900
1000 READ 200, RHO,RH0S,a0,SH,SHS,SL 51004000
200 FORMAT (7F10,0) SL004100
IF (EOF,60)700,705 sL.D04200

700 SToP s1.004300
705 READ 205, PO,ENY,E.BMSTR,CO SL004400
20% FORMAT (2F10,0,3E12,3) SLD04500
~ READ 215, NJoN SL004600
215 FORMAT(315) SL004700
NS = Jauned SL.004800
NDIM & 33 ‘SL004900

RHO = RHM0O/386, SLO0S000
AMOS ® RMDS/386, 8L005100

A = AD+D,5#SHS SL005200

BMS 8 2,0#P1*RHOS*A#SHS#SL SLO05300

HS = SHS/A SLO05400

€S = SQRTF{(E/RHNS) 5L.0058500

H z SH/A SLOD560D
SLSTR = SL/A 3.005700
AONSQ = 0,5+S5LSTR $L005800

X10 = 0,5%SLSTR SLO0SS00

X20 e S $STR%%2/3,0 SL006000
PRINY 505 8L008400

505 FORMAT (w1 PROJECT 0 2 = 2 3 3 2 #) SL006200

PRINT 530, SH,SHS,SL,A0,A,P0,BMSTR, RHO,RHOS,E,C0, ENU 81006300



530 FORMAT({ *0Q Wz %, E10,3,% (IN)e,17X,eHS = #,E10,3, SL006400
1% (IN)#,16X,*L a +,E10.3,¢ (INY®//3X,2A0 = *,E10,3,% (IN)¥,18X, SLD06500
2¢hA = »,E10.3,% (IN)w//¢ PO = w,E10,3,18H (LB-SEnwe?/INesd),3X, S 004600

J6HEMww = ,E10,3//% RHO = #,E10,3,18H (LB»SECee2/1N+e4),2X, SLOB6700
4 *RHOS = »,E10,3,18H (LBR-SEC**2/IN#wd)//4X, «E & #,F10,3, SL006800

5 11M (1LB/IN#*2),11%X,#C0 = «,FE10,3,¢ (IN/SEC)w,11X,eNy = «,EL10,3) sSLO06900D
KUPT = ¢ $LO07000
21n FORMAT (3F10,0,21%) SL0n7260
READ 220, (UMJ(1),181,ND) SLO07300
22n FORMAT (5F15,0) SLON7400
BM = BM/386, SLON7500

IF (M)3,4,3 SL007600

4 BMSTR = (BMe(1,0-ENU##2))/(2,0#PI1eRHOS#A®*I*ES) SLODN7700
JTFR = 14 $L007900

W = 996%(2,*WCPS(JTER)) SL008000
WRAD = 2,»P]%k sL008100
WKg B WOPS(JTER) : $L008200
WKSQ = (1,=ENU*w2)#(2,¥PleWKB)#*#2¢ (A/CS)nw2 SL00B300

GO TO 2 : $L008400

3 CONTINUE sL008s500
DO 7000 ITER=1,1 SLO086D0

1F (KOPTY6000,6005,6000 SL00a700
6000 W = ,998¢¢ WCPS(ITER)) SL00g8800
WKB & WCPSC(ITER) sSLo0asnd
WKSQ = (1,-ENUww2)e(2,#PIwWKB) 22 (A/CS)wn2 SLO09000
6005 WRAD = 2,#%PI#u ' SL000100
?2 DMEGA = (WRAD#»AY/CS SLo09200
WS = NMFGA*»2 SL009300
WKBSQ = (1,0«FENUENU)*WSE SL009400
CSCOW =z (CS/CO)«OMEGA SL009700

DO 40 Is=i,N SL009R00
ALN(I) = (JeP1lwp)/SL SL009900
ALNP(1) = (I+PIwA)/SL SL010000
X1(1) = (2.0/(SL.STReALNP(])##2))a(-L1,0e(nl)we]) SL010100
X2(1) & (4, 0/ALNCI)»w2)e(=l)en] gL010200
X0BCI) = (2,0/(SLSTR«ALNP(])))®(1,0~(~1)2e]) SLD10300
X1B(1) = (2,0+(ul)we(I=1))/7ALNP(]) SL010400

10 CONTINUYE SL010500
DO 5 Jzq1,.N SLO10600
TML & ALNP(])+CSCOW SL010700
TM2 & ALNP(1)~CSCOW $1.010g00
ENB(L) & (((1,0-COSFCTM1#H))/TMIY*((1,0=COSFITM2«H))/TM2))/(2.0% SLO10900

1  AONSG) : s 0110080

5 CONTINUE sSL011100
DO 415 Is1,NJ SLO611200
ETAC])Y 2 SGRTF(ABSF{UMJLI)e*2+(Srluwne2)) SL. 011300

IF {UMJ(1)~-CSCcOW)20,25,25 SL011400

25 TM4 = EXPF(ETA(1)+H) - 85L011500
CJHET) = 0,8 (Tmle(l,0/TML)) SLO011600

60 T0 18 S$1L011700

20 CJHI1) = COSF(ETA(I)wH) SLO11800
15 CONTINUE - SLD119060
po 30 1si,N SL012000
TML s ALNP(1)#H SLp12100

Sh = SINF(TML) S(L012200

CN = COSF(TML) s 012300

DO 30 J=i,NJ SL.012400

1F (UMJ(J)=-CSCOw)35,40,40 SL.012500

40 TM2 = ETA(J)*H SL012600
TM3 B EXPF(TM2) SL012700

CSH = 0,5«(TM3+(1,0/TM3)) SL012800



35

1
3n

60
55

50
45

1
2

65

69
68

67
66

86
a7
8s
an

75

SNH 2 0,5«(T#3-(1,0/TM3))

5L 012900

chNutl, gy = (P/(AONSQ*(TM?t*Z*TMlgt?)))t(TMltcNacSH TML~TM2eGN#SNMH)SLO13000

60 To 30
TM2 = ALNP(I)-ETA(D)
THS = ALNPCII+ETACY)

CNJLT,d) = (U,5/7A0NSE)w{((1,0=COSF(TMIaM))/TMI)e((1,0-COSF(TM2w

H)Y/TM2))
CONTINUE
no 45 1=21,NJ
DO 45 J=i,N
SUMX = 0,
SUMY = 1,0£-50
K =0

TRM = ((=1)wrkaDKNCIK, JISEMKJ(M,K, 1)) /CIH(])

SUMX = SUMYX+TRM

1F (ABSF{(SUMX~-SUMY)/SUMY)=-EPS)B0,50,55
SUMY = SiMX

K = Kei

1F (K=100)60,50,50

BMUN(T1,J) = SuUMy

CONT INUE

DO 65 1=z1,N

TMY 2 (1,0-ENU»ENU)#WSE

TM2 =2 (a/S5L)o0,54BMSTR«WSO

TM3 &= (A/SL)t(~4 )+« «RMSTReWSQ

TM4 3w (A/SL)*BMSTReWSQ

THME = 1 . 0=(A/SLYwXx10

TM6 3 1,0 (M*%2/(2,0%(1,0+ENU)*WSO)Y)
TM?7 = 0,5+(1,0-pNU)+MaMaX20

BNO(D) = «(LA/S) Y ne2e ({2, 0eTMIeX20-TM7)/(2.00TML) ) e (TMI/TM2)nTM5w
TME) /(1,040 (2, 0+TM1£X20-TH7)/(2, o-TM1>)~(7~4/TM2>~(A/SL>~-2-

TMBRTMG )
BMNL(D) = #(A/SL)w(1,068N0(1))

RN2(1) 3 ((TM4#gNO(I)+TM3I)n(A/SL)Y*«2)/TM2

CONTINUE
no 66 1z1,N
SUMX = @,
SUMY & 1,0E«50
K = 1
TRM & (=] )wsHKaDKN(K, I)#EMKJ(M;K,0)
SUMX = SUMX+TRM
IF (ABSF((SUMX~-SUMY)/SUMY)eEPS)67,67,68
SUMY = SUMX
K =2 Kel
IF (Ke100)69,67,67
BOON(]) = SUMY/rOSF(CSCOW*H)
CONTINUE
no 70 121,N
00 70 Jsi,N
suMx = 0,
SUMY = L,0E~50
IF {M)86,86,87
1

CO T0 85

K=0 .

TRM 8 RMK(M,K)*DKN(K, J)*DKNB(K, 1)

SUMX = SUMX+TRM

1F (ABSF((SUMX=SUMY)/SUMY)EPS)75,75,80
SUMY = SUMX

K = Kei

IF (K»100)85,85,75

SUMZ = 0,

SL0131n0
SL013200
sL013300
SL013400
SL013500
SL013600
SL013700
SL013800
SL013900
§L014000
SLD14100

.SLD14200

51014300
SL014400
SL0145900
S1.014400
SLD14700
SL014800
SL014900
SL015000
SL018100
$1.015200
SLO15300
s1.L015408
sLo1550¢0
SL015600
SL 018700
SL815800
S1.015900
SLO140N00
SL014100
SLB16200
SL014300
SL014400
SL016500
SL01gg00
SL016700
SL016800
SL015900
SL017000
SL017100
SL017200
SL017300
SL817400
SL017500
SL017400
SL817700
stL01y7g00
S1.017900
SL018000
SL8iging
SL01g200
SLe18300
SL.018400
SL01a5080
SL018600
sL01g700
sL01g800
SL018900
SL.01g90n0
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g0
92

91

93
6010

6015
7n

6025

8020

10s

100

120

1is
119

135

130

125

150

1

1

NG 90 L=1,My

CALL BFS(MIUMJ<L,DDOXJDDT)
TRM = X JN«3MoN(1 ,JYeCNJC(T,L)
SUMZ = SUMZ+TRM

CONTINUE

1F (M)91,92,9%51

CALL BFS(0,CSCOW,0,.XJ0,T)
CALL BFS(1,0SC0w,0,%xJ1,T)

TRM = -RUON(J)*FNR(])*(((Z.O‘ENS(l))/(CSCDW*t?*COSF(LSCO&'H)))‘
CIXJO*NKNB(O, 1))/ C(CSCOWeXJL)))wDKNLD, J)
BMMNAN(T, J) = ((RHO®A)/(RHOS«SHS))#* (SUMY=SLMZ+TRM)

G TR 7€
TRM = p,

BMMNNCT, J) = ((RHO#A)/(RHOSeSHS) )w (SUMY-SLMZ+TRM)

TF ¢ ITER 193,70,93
CONTINUE

TF (KOPTYEN10,6015,6010
RMMNNOCITER,I,Jy = RMMNN(T,))
G0 T0 70

RMMNNK(ITER,1,J) = BMMNN(I,d)
CONTINUE

IF (M )YA025,6020,6025
CONTINUE

1F (KOPT)2000,6020,2000
CONTINUE

D0 95 [=1,N

no 6% J=11N

IF (1»0)100,105,100
RiM(I;J) = 1.0*BMMNN(IAJ)
GO TN 95

RIM(I,J) = BMMNN(],J)
CONTINUE

ne 110 j=1,N

DO 140 J=1,N

1F (1+4)115,120,115
seM(tl, )y = 1,

GG TO 11in

s2m(l,Jdy = 0,

CONTINUE

DG 125 I=1,N

Do 125 g=1,N

THL & 1,04 (HSeHS* (ALN(J)#wZeMeM Ywe2) /12,
TM2 & (PO/E)*(0,5%ALN(J)*w2eMeM)

IF (1+¢4)130,135,130

X3N 8 (A/7SLI*(,5vHaw2-((1,-COS(2.%ALNCJIIWH) )/ (4, #ALN(J)*w"2)))

TM3 & X3Nw#MeMa(RHOCGYA/E)

ULMET,J) = TVI+(TM24TM3=((CPO #ALN(U)I*#w2)/(2,04Pl#A%A*E))})*{(1,0"

ENU*#2)/HS)
GO 7O 125
TMI = ALN(J)Y=ALNP(I)
TM4 = ALNCJI+ALNP(])

X3N = (A/7SLI*(((L,~COSETMIWK))/TMIww2)=((1,=COS(TMAwH))/THAnw2))
UIM(T,J) = (X3NaMeM)#((1,0=ENUS*2) /HS)* (RHG*G*A/E)

CONTINUE

no 140 1=1,N

DO 140 Jsi.,N

1F (1-J3145,150,145

UeMIT,d) = ~ENUsALN(J)

TIM(1,J) = 1,0

UdM(I,J) = M

VEMET,J) = ALN( I #22+40.5% (%, 0=ENY)wMeM
WiIM(I,J) =2 M

SL019100
SL019200
SLN19300
SLD19400
SL019500
SL019600
51019700
Si.L019a00
SL0199010
SLp20000
SL020100
SL020200
SL020300
SL020400
SL020500
SL020600
SLo20700
SL020800
§L020900
SL021000
spLo21inn
S1021200
SLO?13N00
S 0214090
SL0z1500
SL0721600
sL0z1700
SL071800
SLN?21900
$L022000
SL022100
s1.022260
s 022300
SL 022400
51022500
s 022600
SL 022700
s.022g00
S 022600
SLB23000
5L 023100
sL 023200
SL023300
S 023400
SLDZz3500
S1L023s00
SLe?23700
s N23g00
S 023900
SL024000
sL024100
SL024200
SL024300
SL024400
§L024500
SL024600
SL024700
SL 024800
SL024900
§L 025000
SL025100
SL025200
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MZMUT, ) & =0,5¢01.04ENY) «M®ALNC ) SL025300

WIMCT, ) = DoBagl,0=FENUIRALN(J)®e2eMaM SLN25400
o0 TO 140 SL025500
145 Uu2M(l,J) = 0, SL025600
TIM(1,) = 0, SLN?5700
Udm(t, 0y = 0, SL.025800
VM T, 4y = 0, SL025900
wiMel, 4y = 0, $L026000
WemM(l,yy = 0, SL026100
wW3MLI,J) = 0o SL0?6200
140 CcONTINUE SL 026300
ng 155 1=1,n SL0Z6400
PG 155 J=1,N SL 026500
RZM(T,4) = O, 5L 026600
RIM(1,0) = 0, SL 026700
SiM(1,J) = 0, SLO26800
s3M(l, 0 = 0, SL026900
TIM(T,4) = 0, SLO?7000
T2M(T,J) = 0, SL027100
155 ¢ONTINYE S1.027200
ne 166 1=1,n SL0?7300
DO 160 J=i,N SL 027400
IF (1=4y161,162,141 5L027500
162 viM(1,0) = =ALNgJ)*ENU S 027600
G0 TO 160 SL027700
161 vimc(r, y = 0, SL027800
160 cONTINUE SL027900
DO 165 1=1,N SL828000
xIM(1,1) = X2M(1,1) = X3M(1,1) = O, SL 028100
DAM(L, 1y = USM(1,1) = UM(1,1) = O, §. 028200
VEM(1,1) = WOM(4,1) = VOM(1.1) & WeM(1,[) = WaM(1,1) = 0, SL028300
RAM(1,1) = S4M(1,1) = TaeM(1,1) = 0, 5L028400
R5M(1,1) = T5M(1,1) = 0, SLN2g5Nn0
REM{1, 1) = SEM(9,1) = TeM(1,1) = 0, SLO28600
olmtl,1y = 02M(1,1) = 0O3M(1,1) = D, SL028700
piMcl,1y = P3IM(y,1) & QIM(T,1) & Q3M(1,1) = 0, 51028800
YiM{l,1) = ENUeYXDR(]) SL028900
7M1,y = ENUsYIR(D) $1L029000
Y2M{1,1) = Mew2,( . 5e(l,-ENUYYeXL(]) SL029100
Z2M(1,1) = Mve2u(,25%(1,~ENU))I#X2(]) SL029200
Y3M(1,1y) = Me( ,S«(l,+ENY) ) eX0B(]) SL029300
ZIMCI, 1) = Me(,Se(l,+ENY)IXXIBLD) SLNZ29400
Pa2M{1,1) = X1(I) 51029500
02M{1,1) = ,S5«x2(I) 51029600
vaM(l, 1y = -1, SL029700
§5M(1,1) = (»1)ee]/(1 . ~ENUwe2) SLO29800
no 165 Jei,N $.029900
IF (1+J)170,175,170 $1030000
175 ¥3M(L,J) = wALNCI) #0,5%Me(1, G«ENY) SLO30100
G0 T0 145 SLOIN200
176 v3M(I, 0y = 0, SL030300
165 CONTINUE $L030400
X5M = Z4M = 04M = P4M = Q4M = PSM = 0, SL030500
X4M £ -1, SL030600
Y4M = SL/A SLO30700
y5M & 1,/BMSTR SL030800
75M B Y4MeYEM SL0%0600
05M & 4,/7(1,~ENyw+2) $1.0310080
0N5M & (,5«(SL/AY*x2)/(1,~ENUs+2) : SL0s11080
YEM & Mus24l,5e(1.~ENY YIn{=(SL/AY#X10) SL031200
26M 8 -(1,=. 9% (Mee2e(1,~ENU)I*,5X20) SL031300
X6M B  BaMeelw (1, ~FNU) SL031400



167

168
166

18s

0eM = 1,

PéM 3 X1N=SL/A

06eM = ,BaX20

IF (M)1664,16F,147
X5M = 1,

Y5M a,

25M B 50 (SL/A)we?2
n5M 0, :
P5M 0.

05M n,
po 1488 |
voM{1, 1)
SBEM(4, 1)
CONTINUE
no 185 1=1,
JK 3 TN
JL 8 1#2«N
JJ = JeN»1
1K = 3eNa?
1L 2 3eN+3
UV (I, 1
uUvw(l, 1K)
Uvwil, L)
UVHJK, T
UVWEJK, 1K)
UVWLEJK, TL)
UviWeJiL, 1)
UvWw(JdL, 1K) Y3mel,1)
HVWJL, 1) Z3v(1,1)
UVWC(TJ, 1) = LaMed, 1)
UVWCTJ, k)= ¥éMel, 1)
UVR(TJ, JL)s wdMel, 1)

“1)we]

D~ 2

Z

XiM(l, 1)
Yimet,1)
ZiMcl, 1)
X2m(l,1)
yem(l,1)
Z?M(Iol.)
X3Imv(1,:1)

UVW(IK,1) = USm(1.])
UVWL LK, JK) = vBMmL(1,1)
UVWETK, JL) = whmel, 1)
UVWEIL, 1) = Uem(i, 1)
UVWIETIL,JK)Y = vem(l, 1)
UVWCTIL,JL) = WeM(l, 1)
NG 185 J=1,N

1K ® J+N

IL 2 J+2aN

UVK(T,JY = LiMel,d)
Uviel, 1) = vimer, )
UYWL, IL) & Wimel, )
UVWIJK,Jd) = y2m(l.J)
UVWEJK, 1K) = V2M(T1,0)
UVWIEJK, TL) B W2M(I,J))
UVWIEJL,J) = U3Mll, D)
UVWOJL, 1K) 5 VIM(IT,J)
UVWLJL, IL) s WIM(I,J)
CONTINUE

JK = [+N
[+2e¢N
Iehiel
JaN+2
IL 3 3#N+3
RST(!, 1)
RST(1,1K) PiM¢l, 1)
RST(I,TL) QamMel, 1)
RST(JK, 1J) = 02M(1,2%)
RST(JK, 1K) = P2M(I,1)

—
<
" an

O1Mel, 1)

SLD.<1500
SLN31600
S1 0317400
S1.031840
SL0319n0
$L.032000
SL032100
SL032200
SL032390
S1L.032400
S1.042500
SL032600
sL032700
SL0%2800
S1L.OR2900
SLOXI000
S A331n0
SL033200
$L0333n0
SL033400
SL03Z3500
$1.053600
SLO33ZN0
SL033800
$L 033900
sL034000
SLO34100
SL034200
SL03%4300
SL0344n0
SL034500
S1.034600
SL034700
SL034800
SL 034900
SLO35000
SLO0351040
sL 035200
SLO035300
§L.035400
S 035500
S5L035600
SL03S700
SL035800
SL035900
$L.036000
s b3sl00
SL036200
SL036300
S1.03s6400
SL036500
SLD036600
SLB3s700
SLO368OD
SLOZ6900
SL037000
SL037100
SL837200
SLQ37300
S1L037400
S1.037500
SL037600
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ign

4000
4010

4015
4005

19a

RST(JK,IL)
RSTLJUL, 1)
QST(JL:IK)
RSTCJL, L)

RST(1J, 1) =
RET(1d, JK)=
RST(1J,JL)=

RST(IK, 1)
RST(IK, JK)
RSTCIK, JL)
RST(IL, )
RSTLIL, JK)
RSTCOIL, L)
no 19C y=1,
1K = JaN
L 2 Je2eN
RST(I,J) =
RST(1,1K)
RST(I, 1)
RET(JK, N
RST(JK, 1K)
RSTCJK, 1L)

RST(UL, ) =

RST(JL, 1K)
RSTC(JL, IL)
CONTINUE

TJd 2 Jehed
1K 2 3«N+2
1L &8 3wns+3
UVWETJ, 1Y)
VWL S, 1K)
UVWITJ, 1)
UVW(IK, 1.J)
UVWETK, 1K)
UVWLIK, TL)
svwdIL, 1)
UVKWCTIL, IK)
UVWETL, IL)
RST(1J,13)
RST(1J, 1K)
RST(1J, 1L
RSTUIK, 1)
RST(1K,IK)
RST(IK, IL)
RSTCLIL, 1)
RST(IL, 1K)
RST(IL,IL)

oun

Q2m(I, 1)
03m(1,1)
P3m(1,1)
Q3ML1,1)
K4Mel, 1)
S4m¢1, 1)

Tam(1,1)

REM(L, 1)
$5Mt1, I
T5%¢1,1)
R6ém(1, 1)
S6M(1;I)
T6M‘1;I)

N

RiMeY, )
SiMer, N
TiMel, )

R2M¢l,J) .

SZM(I'J)
T2m(1,J)
R3M(1,9)
s S3IM(1,J)
T3M(1,4)

X4m
Yam
Z4m
X5Mm
YoM
I5m
X6M
Yhu
6™
04m
Pd4m
Gdm
05m
PS™m
Q5m
06M
Pém
(R1.3%

1F (NOPTY4N00,4005,4000

PRINT 4010

FORMAT (1Hl,+ ¢ U )

CALL MPRINT

PRINT 4015

MATRIX #)

(UVw, NS, N3, NDIM)

FORMAT (1Hl,* ( R )
CALL MPRINT (RST,N3,N3,NDIM)

CONTYINUE

IF ¢ M yl9a,199,198

CONT INUE

CALL MATINV (UVW,IROW,ICOL,N3,NDIM,SMLST)

DO 192 1s1,
no 102 y=1,
SuM = 0,

no 191 x=i,

N3
NS

N3

MATRIX #)

SL0s7700
SL037800
SL037900
S1LO380ODO
S 028100
SL03g2N0
SLO3830D
§L038400
S 038500
SLOsB60D
s.D3g700
SLN3ggnod
SL03Z8900
SL0Xg000
sL0%q100
SL0B39200
S1.039300
SL0%9400
SL 039500
SLB39600
SL 0397080
SLDX9800
SL039900
§..040008
SL040100
S 040200
Sy 040300
SL040400
$L. 040500
SI.0405080
SL040708
SL040800
SL.N40900
SL041000
S1L 041100
S1.0412900
SL041300
sL041400
sL 041500
SL041600
SL041700
SL041800
SL041900
sLN42000
sp042108
SL 042200
SL042300
§L042400
SL042500
SL042400
s 042700
SL0a2800
S 0429080
SL043000

.SL0a3100

SL043200
§L 043300
SL04a3400
51043500
SL 043600
SL.043700
$1. 043800
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191
167
4n2n

403n

4035

40258

619
618
615
194

197

196
7000

199

195

600

4045
4055
4069
4nés

4079

Sum = SuLM * UVW(I,K)oRST(K, )

rONT INUE

UTR(1,.) = SLM

UTRSV(I,J) = UTR(I,N)

CONTIAUE

1F (MOPTI4020,4025,4020

PRINT 403D

FORMAT (1H1,+ ( U ) MATRIX INVERSE #)

CALL MPRINT (UVu,N3,NI,NDIM) i

PRINT 4035

FORMAT (1H1,+ (1) INVERSE X (R) )

CALL MPRINT (UTR,NI,N3,NDIM)

CONTINUE . .

CALL MITERS (UTR,NTAPE,V3,GUESS,NGUESS, NMOLE,VECTOR,EIGY AL,
1 NITER,MITRSF,EPSP,US, HH, MaAXR,NC, ATTKEN,NAKSR,UTRSVY)

DO 194 1=1,1 :

xLDA & EiGVALC(T).

TML = (CS/A)/SORT(1,~ENU®**2)

OMEGR = SORT(ABS(1./XLDA))wTMY

OMEGC = NMEGR/(D,#P1)

IF ¢ ITER 618,519,619

EIGCPS(1) = UMEQRC

PRINT 615, 1.X{ NnA,OMEGR,OMEGC

FORMAT (15,3E20,8)

CONTINUE

W = EIGCPS(ITER )

IF ( ITER )167,7000,197

WCPS(ITER) = (SnRT(ABS(L1,/EIGVALCITER)))«T¥1)/(2, %P 1)
"0 196 1s1,N3

AMNK(T1,ITER) 3 VECTOR(I,lTER)

rONT INUE !

CONTINUE

KOPT = 1

20 Y0 3

CONTINUE

Do 195 J=1,n3

UWR(I,J) 2 UVW(T,J)=-KKBSQeRST(1,J)

CONTINUE

no 680 1=1,N

J oz N1

K = 2«N#l

AL(TY = ((~CSCOuwSINF(ALNP(I)*M)eALNP(IYRSINF(CSCOWwr))/
1 (ALNP({T1)#%2-CSCOWWw®2) ) /A0NSO

ABH(T) 2 (RHC#A«OMEGA#CO»AT(1))/(RHOS#SHS*CSeCOSF(CSCOWWE))
FHCID) (1,-ENUwe2)=QRH(])

FR(J) 0

FH(K, = 0!

CONTINUE

FH{3#N+1) = +1,
FH(3«N+2)y = 0,
FH(3eN+3) 9,

IF (NMOPT)404%,4n50,4045

PRINT 4055

FORMAT (1hl,«(Uy ~ OMEGABSQ (R) »)
CALL MPRINT {(UWRJN3,NI,NDIM)
PRINTY 40AD

FORMAT (+»1 MATRIX (1))
PRINT 4065,(A1(1),121,N)
FORMAT (5F20,8)

PRINT 4070

FORMAT («0 MATRIX OHATB(I)#)

SL043900
$L.044000
sLN441i00
SL044200
SL 044300
SL044400
SL 044500
SL044600
sL044700
SLD448DO
SL044900
SLB8a5000
SLB45100
SLN45200
S 045300
SL045400
SL045500
SLN456N00
SLO45700
SL0458N0
SL045900
SL0460N00
SL 046100
SL046200
SLN4a6300
SL04s400
SLD4as500
SL04gs00
S 046700
SL046800
S 0460900
s 047000
SL047100
sL047200
SL047300
SL0474400
$1.047500
SL047600
$L.047700
S 047800
SL047900
sL048000
SL.048100
SL048200
51048300
sLO04g400
SL048500
SL84p600
SL048700
SL 048800
SL 0458900
SL 049000
SL049100
$1.049200
S1.049300
SL049400
s 049500
S$L049600
SL04970D
$L 049800
S1L049900
SLO50000
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407s

40510

61n
605

408n
ange

5040

4085

22%

&0n

805
ain

8ls
gen

82s

ar3n

PRINT a40A5, (CRM{IY,[=1,8)

PRINT 4n75

FORMAT («0 MATRIX (F)w)

PRINT 4065, (FH(1)Y,1=1,N3)
CONTIMUR

CALL MATINV (UWR, TROW, 1Z0L,N3,NDIM,SMLST)
Do 60% 1=1,n3

APH(1Y = DO,

ne 610 4=1,n3

AFH(T) 3 APHOI)&UWRCL,»J)*FH(J)
CONTINUE

rONTINUE

TF (NOPTY4081,4n85,4080

PRINT 4090

FORMAT (+0 AFHAT(I) )

PRINT 4045, (APH(1),I=1,N3)
PRINT 4N&5, (ain(1),1=1,N)
PRINT 40A5, (x1¢1y,1=1,N)

PRINT 4045, (X2¢1),181,N)
PRINT 4065, (XOR(I),1z31,N\)y
PRINT 4f0a%, (xiln(1),Il=1,N)
PRINT 5040 .
FORMAT (1KHL,* () - OMEGABSQ (R)Y, INVFRSE »)
FALL MPRINT (UWR,NILN3LNDIM)
CONTINUE

ROPH = APH(IeN+1)

RiIpW = APH{I*N+2)

BZ2PH = APH(JI*N+3)

ng 22% 1=1,N

4 o= N+t

CNL1(]) 3 B2PraX48(1)+B1PHeXAB(I)~ALN(I)I®APK(L)+ENUSAPH(])
CR2 (1) = APMUI) & ENUS(RZPHAYIR( IV «BIPHaXDBI 1) mALNC T Y APH(L))

CNI(T) = ENUSALNCII®APHO I )= ALNCI)#w2epaPH( )

CONT MNUE

ng 230 j=1,n

no 230 u=1,n

ng 230 K=1,N

1F ¢ l-J+K 805,800,805

TERML = N,

TERMBS = 1,

TERMZ = (~le(edyae(Jd+K=1))/7CALNCI) «ALN(KY=ALNCT))
TERMEI = (=lal=lywa{ o =K))/CALNCI)+ALNLUY=ALAN(K))
GC TO 83N

IF  JeKk~] )815,810,815

TERMZ = 0, :

TERMY 2 (=lel=i)ea(]=U+kK))/LALN(I)I=ALN(J)Y*ALN(K))
TERMY = (elel-Lyax(l+i=H))/CALNLI)#ALNCII=ALN(K))
TERME = (1 (el yoa(J=1=K))/CALNC ) =ALNIT)=ALM(K))
GO TO 83D

1F ( l+J=K )825,820,825

TERMI = 0,

TERML = (=le(~-13oa(]=Je&K))/CALNCT)=ALNCJYI®ALN(K)Y)
TERM?2 =2 (wle(alywa(JeK=1))/(ALNCI)CALN(KY=ALAN(T))
TERME =z (1,s(=13%2(J=J=x))/CALNCI)«ALNC])~ALNLK))
G0 Y0 83D

TERML = (-1*(-13**(X-J*K))/(ALN(I)-ALN(J)*ALN(K))
TERM2 = te«lal=1yes (J+K~1))I/CALNCJ)SALNI(K)Y~ALNCTY)
TERMI = (=1¢(=1)ea(1+J=-K))/Z(ALNCIISALN(JI=ALN(K))
TERMB =2 (1, e(=1yae(J=l=r))/CALNLI)=ALNL])~ALN(KY))
TERMA = (+lwl=1ywa(I+J+k))/CALNCI)SALNCIY*ALA(K))
DNNN(],J,K) = «¢,25/A0NSQ)«(TERMI+TERMZ2+TERMI+TERMY)
EANNNC(T,J,K) 2 ( 25/A0NSQ)w(TERMALTERMS.TERMI=TERMZ)

SLOs0N1n0
SL 0512090
51080300
SL0S50400
SsL0s0500
SL050600
SLO50700
SL0s0800
SL0509N0
SL051000
SL0s1100
sL0512a0
SL051300
SL0%1400
sLNs15n010
SL051600
SLos1700
S 051800
SL051900
SL052090
5L052100
SL052200
SL0®?2300
SL0%2400
SL052500
SL052600
51L052700
SLP52800
SLN524010
S 053000
SL053100
SL063200
SL053300
SL0534080
SL053500
SL053600
SL053700
SLNs3gn0
§L 053900
SLA54000
SL0-4100
§1. 054200
SL0S4300
SL 054400
g 054500
SL054600
SLNS4700
S 854800
SL0%4900
SL055000
SL 055100
SLe®5200
SL055300
SL.085400
SLA55500
SL055600
SLARS7A0
SLOs5800
SLOB590N
SLOS6000
SLBS6100
SL056200
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23n

835
840

- 848
310

24n
235

4095
500%

5010
5035
500n

2510

245

2585

40410

is
1o
2p

CONTINUE

ng 330 g=1.N

no 310 k=1,N

TERMY = (1,=(=1yea(JoK) I/ (ALNCJ)SALN(K) )
IF ( J=-K )843,835,840

TERM2 = 0,

GO TGO 845

TERM2 = (1,<(=1y»e(J=K))/(ALNCJ)»ALN(K))
EONN(J,X) = (,25/A0NSQ) #(2,«(TERM1«TERM2))
CONTINUE

M= 10

DO 235 J=1,N

SuM = 0,

p0 240 Kei,N

S1L.056300
SLN56400
SL056500
SLOS56600
SLO56700
SL056800
SLO%6900
SLB%7000
SLO57100
SL057200
SL057300
SL0S7400
SL0%7500
SL057600
SL057700

SUM = SUM+ (ALN(J)wo2+CNL(K)WDNNNC(K, 1, )=ALNCJ)*CNI(K)*ENNN(K, 1,J)SLY57800

1 +MaMeN2(KI*DNNN(K,1,J0))

CONTINUE

TENNCI,J) = (SUM=ALNC(J)#B2PRwEGNN(1,J))*AMNK(J, JTER)
CONTINUE .

1IF (NOPTI4005,5000,4095

PRINT 5005 ,
FORMAT (1HL,12X,eN1(1)%,15%,eN2(1)*,15%,*N3{])»)
PRINT 5010, (1,pNL1C1),CN2(¢1) . ONS(L),121,N)
FORMAT (15,3E20,8)

PRINT 5035

FORMAT (1 TP(I,J) #)

CALL MPRINT (TPNN,N,N,N)

suml = SuM2 = 0,

n0 245 j=i,N

SUM3 = SUM4 3 0,

Do 250 J=i,N

SUM3 = SUM3I+AMNK{ J, JTER)*BMMANNT(JTER, I, )
SUM4 = SUM4eAMNK(J, JTER)*BMMNNK(JTER, 1,4)
CONTINUE

SUML 2 SUM1eaMNK(T,JTER)I##2¢ AMNK (I, JTER)#SUMT
SUMZ2 2 SUM2+AMNK(I, JJTER)*#2#AMNK(], JTER)*SUM4
CONTINUB

AMBAR =z WKRSGweSyuM1

BKBAR = WKSQ=SUM2

BTBAR = 0,

no 255 j=1,N

DO 255 Jsi,N

BTBAR = ATBAR+TENN(l,J)wAMNK(],JTER)

FONTINUE

ABAR = (4,*BKBAR)/BMBAR

BBAR = (2,«BTBAR)/BMBAR

X040 = ARSF((1,-ABAR)/0QBAR)

X0STR = X0AQ®* ((WRAD®#»2¢A)/G)

WSTR = W/(2,*WCPS(JTER))

PRINT 4040, w,WKB,BKBAR,BTBAR,BMBAR,ABAR,QEAR,X0AQ,X0STR,WSTR

FORMAT (1HO0,2F1n,2,8F12.3)
60 T0O 1000
END

FUNCTION DKN(KD,ND)

COMMON PI1,H/COM4/ALNCLD)

IF (KD)10,15,10

DKN = (1,0«COSF¢(ALNC(NDY®RH) )/ (HeALN(ND))

G0 T6 20

DKN B8 ((2,0%ALN(ND))/(He(ALNIND) #*2=( (KD*P])y/H)%22)) )% (1,0~
1 (=1)exKDaCOSF(ALN(ND)#H))

RETURN

SLNs7900
SLO0sp000
SLO%8100
SL058200
SL058300
S{.058400
SLB58500
S.L.058600
SLO0S8700
31058800
SL058600
SL059060
SL059100
S1.059200
SLO%9300
$L.059400
SL.059500
§L.059600
SL059700
SL059800
SL 059900
SL.060000
S 00100
SLp60200
8L 060300
S 060400
SL060500
SL 060600
sL.060700
SLO608D0
SL0s0000
SL061000
SL0s1100
SL0el2n0
S1L061300
SLB61400
S 061400
SL061700
DK0OO0O01QD
pr00G200
DKOGCO360
DK00OO040DD
DK0ooos00
DKBNG600D
DK0Q0700
DKOOOBOO
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10

10

O ® N

is

1o
1
2n

in

15

20

in

15
20

7

END
FUNCTION DKNB(KDB,NPD)

COMMON PT,H/COMI/AONSQ/LOMS/Z7ALNP(LD)

IF (KDRY10,15,10

DKNB = (1,0~COSF(ALNP(NPD)#H))/(AONSQ#aALNP(NPD))

60 TN 70

DKNR = (ALNP(NPN)/AONSQ)#((1,0-(~1)*eKDB*CCSF (ALNP(NPD)®R))/
(ALNP(NPDY«#2,( (KDB2P1)/H)w®2))

RETURN
END
FUNCTION RMK (MR,KR)

COMMON P1,H/COM1/A,A0,CSCOW

NIMENSTION T(100n)

XIK 2 SORTF(ABSF({(KR*PI%AQ)/(H*#A))%42-CSCOWR®2))
1F (KP-(CSCOWOH)/P]’19110,15

CALL BES (MR, XIx,0,RJM,T)

CALL BES (MR#1,xIK,0,RJM1,T)

RMK & RJIM/(#MRaRIM=XIKeRIML)

G0 Tn 20

CALL BES (MR,XIK,1,RIM,T)
cALL BFS (MR+1,yI1k,1,RIM1,T)
RMK & RIM/(+MRe*RIM#XIK*RIMYL).

RETURN
END

FUNCTION EMKJ (ME,KE,JE)
COMMON PT,H/COML/A,40,CSCOW/COM2/UML( 5)

NIMENSTIAON T(1001)

CALL BES (ME.UMJCJE)»D,EUM,T)

ALFSG = 0,5+ (1, Na(ME*e2/UMJ(JEI#e2) ) o F jMuw?

XYIK 8 SQRTF(ABSF(((KE*PIwa0)/(H#A) ) #a2.CSCOWNw2))
IF (KE-(CSCOWwH)/P1)10,15,15

EMKJ & wFJMZ{{XTKe#2eUMJ(JE)w*2)wALFSG)

60 TO 29

EMKJ B #EJM/ O (XIKx22¢UMJ(JE)#*2)#ALFSQ)

RETURN
END

SUBROUTINE BES(NO,X,KODE,RESULT,T)
N RES BESSEL FUNCTION

C3 UCSh BES
DIMENSION T{1000)

DkOoo9no
nKaooi1n0
nKkpoo2n0
DKO00300
IK00N0400
nkdN0s00
nNKopo60D
nKkaAnp700
DKop08NO0
DKNNO0g0D
RMODD100
RMO0020N
rRMO000300
RM000400
RMO00500
RMON0E00
RMQ00700
RMDO0B0OD0
RMONOGNGO
RMO01000
rRMON11N0
RMOD1200
RM001300
RMDD1400
EMQo0100
EM0N0200
FMOND300
EMO00400
EM000500
FMOD0&00
EMOD0O700
EMO00R00
EM000900
EM001000
EM001100
FM0N1200

BES

F=63

BES

FORMAT (55HINEGATIVE ORDER NOT ACCEPTED IN RESSEL FUNCTION ROUTINE)RES

KL AM=1
KO=NO#1

IF(X) 6,1,6
1IF(NO) 4,2,3
T(KO)=1,n
RESULT=1,0
RETURN

1F(KD) 5,10,3
RESULT=0
RETURN
RESULT=9,999999999E200
RETURN

PRINT 107
SToPY

IF(NO) 5,7,7
1IF(KDODE) B8,9.8
KLAMzK|_ AM+1
JOz2¢ IFIX(X)
MO=NO
IF(MO=J0) 11,12,12
MO=J0

BES
BES
BES
RES
8ES
BES
BES
BES
BES
BES
BES
BES
BRES
BES
BES
BRES
BES
RES
RES
BES
BES

1

F 63

vy
SO P NI AW

11

13
14
15
16
17
18
19
20

22

23
24
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12

23

24

25
26

40

50

51

511

52

53

70

Qaoaoagoaaaaaaa

80

100

MO=MO+11
T(MO)=D,
LURsMD-1
T(LUB)=21,0E=250
GO TO (23,51),K AM
F=2wilUR

MOzMD~3

12=M0

FeFe2,
TCI2¢1)eF/XeT(10+2)eT([23)
1F(12)25,26,25
12317=1

G0 TO 24
SUMaT(1)

nc4o Js3,M0,°2
SUMESUM+2.,%T(J)
F=1,/8UM

no 50 Js 1,K0
T(J)BT(J)*F
RESULT=T(KD)
RETURN

Fs2e UBe2
MOaMO»3

[2aM0
T{12+1)sF/XeT(12+2)+T(12+3)
1F(12)%2,53,52
]2=12-1

FafFe2,

60 To 511
SUMsT(1)y

ng 70 Js2,M0

‘SUMBSUM#2, T J)

Fel,/SUMYEXPF (X)

DO 80 JUsi,KQ

TCIIeT ()Y *F

RESULT=T(KD)

RETURN

END

SURROUTINE MATINV ( A , I[ROW , 1cOL , N , NDIM , SMLST )
DIMENSION A ( 1 ) . IROW ¢ 1 ) , lEOL ¢ 1)

709~16045

709+316085 SUBROUTINE MATINV = MATRIX INVERSION ROUTINE

ARRAY NAME OF MATRIX

A =
IROW = DIMENSIONED AT N+1 QR GREATER
1cOL = NIMENSIONED AT N OR GREATYER
N = NUMBER nF EQUATIONS
NDIM & VALUE OF I IN DIMENSION Al1,J) , ! AND J MaY DIFFER
SMLST = SMALLEST LEADING ELEMENT ALLOWED BEFCRE CALLING THE
SYSTEM SINGULAR , USUALLY = 1,0 E~04 OR 1.0 E~05

NP1 = N + 1

IcoL, ¢ 1) =5 1

IROW (1 ) = ]

PG 240 IYER s 1, N

MAXR = ITER

MAXC = 1

TEMP = ABSF ( A ( MAXR ) )
LIMITC a NPL » ITER

N0 120 I = ITER, N

no 120 J = 1, LIMITC

RES
RES
BtS
BES
RES
RES
BES
BES
BES
BES
RES
BES
BES

RES -

RFS
BES
RES
RES
BES
BES
BES
RES
RES
BES
BRES
BES
BES
BES
BES
BES
BES
BES
BES
BES
BES
BES
BES
BES
Ma
MA
MA
MA
MA
MA
MA
MA
MaA
Ma
MA
Ma
MA

Ma
MA
MA
MA
MA
MA
MA
MA
MA
MA

700

800

oNhd
1000
1100
1200
1300
1400
1500
1660
1700
1800
1900
2000
2100
2200
2300

2400
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<1

i1n

12¢

130

140
150

16n

17n

180

19n

200

210

22¢0

230

2410

IJd = J = 1) « NDIM + |
iF {

MAXR
MAXC N
TEMP ARSF (A& ( 1J ) )

CONTINUE

1

IROW ( NP1 ) = |TER
PRINT 1, ITER , SMLST

RETURN

1F ( MAXR - ITER ) 150, 170, 150
no 16n g = 1, n

MAXRJ = f J 2.1 ) « NDIM « MAXR
ITd =2 ¢ J = 1) « NDIM ¢ [TER

TEMP = A ( MAXR, )

“A { MAXRJ ) = A ( ITJ )

At ITH Yy = TEMp
ITEMP = TROW ( MAXR )
TROW { MAXR ) = JROW ¢ ITER )
TROW ¢ ITER ) = ITEMP

IF ( MAXC -~ 1 ) 180, 200, 1a0

Do 190 1 = 1, «w

IMAXC = ( MAXC -« 1 ) * NDIM + |
TEMP = A ( 1)

A C 1) = A € ImMAXC )

A IMAXC ) =2 TeMP

TTEMP = I1COL ( MAXC )

1COL ¢ MAXC ) = IgOL ¢ 1)
ICoL € 1 ) = ITgMP

TEMP = A ( ITER )

ITEMP = TCOL (¢ 1)

DO 219 4 = 4, N

ITJML = ¢ J » 2 ) » NDIM + JTER
iTd g (J =1 ) « NDIM « ITER

A ¢ ITUMY Yy = A ( ITJ ) / TEMP

1Col ( 4 =~ 1) = 1CcoL € J )
1IN = (N 1 ) « NDIM & [TER
A ¢ TTN ) 1.0 /7 TEMP
1CoL ( N ) =11TFMP :
Do 24n 1 = 1,
1IF (1 = ITER ) 220, 240, 220

TEMP = A ( 1)
no 23080 4 = 2,
IdML & ( J = 2 ) » NDIM + |

1J 2 (=1 ) » NDIM # ]

ITUML = ¢ J = 2 ) » NDIM + [ITER

AL TJML )Y =2 A ¢ TJ ) = A ( ITYMy ) « TEMP
CONTINUE

IN e (8 =1 ) « NRIM + |

ITN = ( N = 1 ) « NDIM « ]TER

A INDY = = ( TEMP « A ( ITN ) )

CONTINUF

DO 290 I = 41, N
ng 280 g = I, N
IF ¢ IROW ¢ w ) = 1 ) 250, 260, 250

( .
TEMP = { ARSF C A 1J ) ) ) ) 110, 120, 120

MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MaA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
Ma
MA
MA
MaA
MA
Ma
MA
MA
MA
MA

- MA

MA
MA
MA
MA

Ma

MA
MA
MA
Ma
MA
Ma
Ma
MA

2500
2500
2700
2800
260N0
3000
31090
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5640
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
75080
7600
7700
7880
7900
8000
ging
a200
8300
g4angd
8500
8600
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25n
260

270

280

29n

300
31n

320

330

340

CONTINUE
F (1 « J)) 273, 290, 270
N0 286 L = 1, N
bl 2 ¢ 1 = 1) » NDIM + L
ld 3 ( J=1 ) « NDIM & |
TEMP = A ( LT )
A (LT Y = A (LI
A LJ ) = TEMP
TROW ( J ) = TRow ( 1)
rONT INUE
no 340 1 = 1, ™
Do I00 U o= ]3 A
IF ¢ IOl ¢ 4 ) = 1 ) 300, 310, 300
CONTINUE
1F ¢ 1 « J )y 320, 340, 320
D0 330 L = 1, N

"L 3 (L =1 ) « NDIM &+ |
JU g C L = 1) « NNIk « U
TEMP = A ( IL )
ACIL Yy = A C gL )
A JL ) = TEMP
ICoL ¢ J ) = ICol € 1)
CONTINUE
IROW ( NPL ) = N
RETURN

1

100

119
12n

130

149

FORMAT (7HOON THE13,63HTH ITERATION aAlLL THE REMAINING TERMS WERE L
#ESS THaN OR EQUAL 70 E11,.4,18H IN ABSOLUTE VALUE) '
END .
SURROUTINE MPRINT ( A , M , N , MD )
MATRIX PRINT SUBROQUTINE ,
THE CALL FOR TH!S SUBROUTINE IS AS FOLLOWS,
CALL MPRINT (A,M,N,MD)
WHERE A 1§ THE MATRIX TO BE PRINTED
M IS THE NUMBER OF ROMS
N IS THE NUMRER OF COLUMNS
MD IS DIMENSIONED NO, OF ROWS OF MATRIX A
DIMENSTION 4 C 1 ) , UT (6 ) , C ( &)
EQUIVALENCE ¢ JT , C )
Nl = N
N2 2 6
NS B 6
NG = 4
1F ¢ N3 - N1 ) 120, 120, 1i0

N2 =2 N1 = N3 + ¢
NS & N1
K =
no 1
K = 1
JT { K )y =}
PRINT 1, ( 7T
3

= N4) N3

Kips 2

30
.

t 1), 181, N2)
™

no 150 1 = 1

K =20

L = MD » ( NG = 1 ) + [
no 140 J = N4, N3

K = K + 1

C (K )=s A (L)

L = L « MD

MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
Ma
MA
MA
MA
MA
MA
Ma
MA
MA
Ma
MA
MA
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
Mp
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
MP
Mp
MP
MP
MP

8700
8800
agNn0
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900
10000
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11500
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
i1g00
1900
2000
2100
2200
2300
24090
2500
2600
2700
2800
2900
3000
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aaoaaaaoaagaan

150

160

170

i9

11

20
30

PRINY 2, 1 » (G (KDY , K= 3§ , N2
IF ¢ N3 - N1 )y 160, 170, 178

N3 8 NI + 6
NG 2 N4 &

50 TO 100

RETURN

FORMAT  (1H , 4X, 6( 6X, JHCOLUMN 114 ) )
FOCRMAT (1M 114, X, (6E 17,8) )

FND

SURRCUTINE NPNRMX (a, B, N, FL, INDEX, MD, NX )

CALL NPNRMX, (A, B, N, FL, INDEX, MD, NX, NF )
ASVECTNR Td BE NORMALIZED BaNORMALIZEDR VECTOR(MAY=2A)
N=S1ZE FLeNORMALIZING MUMBER

INDEX=+ ON EnNTRY, NORMALIZE ON NUMBER WHOSE INDEX IS INDEX

gl ON BNTRY, NORMALI1ZE ON LARGEST S,M, AND SETY
INDEX®T0O ITS INDEX,
=~ ON ENTRY, NORMALIZE ON Fi.,
MD=SINGLF PRECISION DIMENSIONED NUMBER OF ROWS OF A ANC B
NXel, VECTOR REaL :
=2, VECTOR COMPLEX
MPz1, SINGLE PRECISION
DIMENSTON A(1), R(1), Fi(l)y, D(1), C(1)
N1 & 2
nN2eN
NAsMD
1F ¢ INDEX) 32, 7,38
GOTO (11,8),NX
FLz (A(1)wn2ea(Nds1)un2d)
INDEX=1
no 10 xsn1,nN2
IsK+N4
D (A(K)2ew2+A(])we?)
IF (FL=D ) 9,9,10
FILL =D .
INDEX=2K
CONTINUE
FLaA(INDEX)
GOTO 18
FL=ABSF(A(1))
INDEX=Z1
no 13 KBNloNz
NaABSF(A(K))
IF (FL=D) 12,12,13
FlLeD
INDEX8K
CONTINUE
FLeACINDEX)
No 17 1si,N
BlIYeA(])/FL
GOTO 30
1= INDEX#MD
FL(2)=ACD)
NEFL(1)Ye#2+F L (2)wn2
no 20 1si,N
Kz l#+MD
Csa{1)YeFL(2)=pAtKIsFL(L)
BEIIz(ACII*FL(L)+ALKIRFL(2))/D
B{(K)==C/D
RETURN

MP 3100
Mp 3200
mp 3300
MP 3400
MP 3500
MP 3600
Mp 3700
MP 3800
Mp 3900
MP 4000
MP 4100
MP 4200
MTRS0148
MTRS0135
MTRS0136
MTRS0137
MTRSQ138
MTRS0139
MTRS(0140
MTRS0141
MTRS0142
MTRS0143
MTRS0144
MTRS0145
MTRS0150
MTRS0152
MTRS0153
MTRS0154
MTRS0155
MTRS01%6
MTRSO0157
MTRS0158
MTRS0259
MTRS0160
MTRS0161
MTRS0162
MTRS0163
MTRS0164
MTRS0165
MTRS01466
MTRSO0147
MTRS0169
MTRS0170
MTRS0171
MTRS0172
MTRS0173
MYRS0174
MTRS0175
MTRS0176
MTRSO178
MTRS0180
MTRS0181
MTRS0182
MTRSO01s4
MTRS0185
MTRS01RS
MTRS0187
MTRS0188
MTRS0G189
MTRS0190
MTRS0191
MTRS0211
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32
34
36
38
40

e (IR e )

in
11
12
13

16
1g

ig

20
23

GOTD (34,36), NX
GOTO 16

60TO 19

GOTO 4n

GOTO (14,6) ,NX
END

SUBROUTINE DPMLTX (A,NA,B.NB,C,M,N,K,MA,MB,MC)

SUBROUTINE
CALLING SEQUENCF,. . s>

CALL DPMLTX (A,NA,B,NB,C,M,N,K,MA,MB,MC)

z PREMULTIPLIER

POSTMULTIPLIER
PRODLCT

LU (I L (O

A
B
c
¥
N
K
N

MA s DIMENS]ONED NUMBER OF RCWS &
MB = DIMENSIONED NUMEER OF ROWS B
MG = DIMENSIONED NUMRER OF ROWS C

NO. ROWS IN A = NO, ROWS IN C

NO, COLUMNS IN A = NO, ROWS IN B
NO, COLUYMNS IN B = NO, COLUMNS IN C
A AND NB = 1 IF A OR R,

RESPECTIVELY, ARE REAL,

= 2 IF A OR g8, RESPECTIVELY, ARE COMPLEX,

MA,MR,MC ARE SINGLE PRECISION DIMENSICNS,(1/2 OF

RESERVED FpR REAL 00UBLE PRECISION MATRICES, AND 1/4 OF

ACTUAL CORE

ArTiAL CORE RESERVED FOR COMPLEY NOUBLE PRECISON MATRICES)

DIMENSION A1), 8(1), C(1)

1A=MC*K
TBsMA*NeNA
1C=1
1D=MA®NA
TH=M(C
TJ=MC
1KzM
IL=1
TM=0
GOTO  (647),NA
GOTO (11,10),NR
GOTD (9,B),NB
‘1c=?
80T0 10
THz2%]H
1C=3
1A=2¢ 14
ldz2ely
ng 30 1=1,1K,1L
INCeIM
po 16 Jal,laslH
INzINC
C(J)=nt
DO 13 L=l,1R,ID
INZ IN#L
CCN2CCII+ALLYSBLIN)
INCz INC+MB .
GOTO (30,18,24),1C
1E=leMA
INCoIM
no 23 J=1,1A,1d
IN=INC
IFeJd+MC
D0 20 L=lE,18,1D
INs IR+l
I1G=IN®MB
CCIFI=CLIF)eA(LY)*B(]
C(Jy=C(J)=A(L)®BLIG)
INCEINC+2wMB
GOTO 30

N)

MTRS0213
MTRS0214
MTRS0215
MTYRS0247
MTRS0249
MTRS0220
MTRS0053
MTRS0035
MTRSND37
MTRSG038
MTRS0040
MTRSD041
MTRS0042
MTRS0D43
MTRSND044
MTRS0045
MTRS0046
MTRS0047
MTRS0049
MTRS0050
MTRS0051
MTRS0055
MTRS0057
MTRS0058
MTRSO0B9
MTRS0060
MYRS0041
MTRS0042
MTRS0063
MTRS0Dg64
MTRS0065
MTRS0066
MTRS0067
MTRS0068
MTRS0049
MTRS00Y0
MTRS0071
MTRS0072
MTRS0073
MTRS074

MTRS0075
MTRS0076
MTRS0077
MTRSO0078
MYRS00AL
MYRS0082
MTRS00R3
MTRSO00a4
MTRSD091
MTRS0093
MTRS0094
MTRS0095
MTRS0096
MTRS0097
MTRS0098
MTRS0100
MTRS0101
MTRS0102
MTRS0103
MTRS0104
MTRS0112
MTRS0113
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GO OO0

24

25

24
29
3n

in

11

12
iz

1a
15

16
17

ig

19

1Esl+ur
TFelemMp
INCsIM
00 29 JslE,14,1J4
IN=IAC
c(Jy=0, .
N 26 LslF,18,I1D
IN=]Ne1
CCysC(d)eatl)*as(IN)
INC=INC+MB
CONTINUE
RETURN
END

SURROUTINE SWEEPX (HTRUE, U,H, US,FL, MODE, N,
COMPUTES TRUE MODE AND SWEFPS IT FRNM THE MaTRIX,
KTRUE = TRUF MODAL COLUMNS, AS COMPUTED. U s LCYMAMIC MATRIX,

SFRIES OF »OnIFIFD MODAL COLUMNS,c L= COLUMN OF ESIGENVALUES,

[
LS = SFRIFS CF mONIFIFD MOpDAL ROWS OF U,

MODE = MONE NCW REING COMPYUTED, N = SIZE
ML 2 NIMENSIONEN NUMBRER 0OF ROWS 0OF U,US,HW,*TRUE

NX = 1 IF POKRLEM 1S REAL,
= 2 IF PROBLEM 1S COMPLEX, .

NIMENSTON HE1), US(1), u(ly, HTRUF(L), FL(1),

ME=MODE-1

KizMeNCeMD

no 6 asl,inC
KeKle(Jelyemp
] & L21,N

KzKel
FTRUF(K)ZH(K)
Pt M) 31,31,8
Lo 2% =1,V
LizngeMDe (MODE-1) =NCwMD
GOTO . ¢ 9,11),Np
G=0,

nc 10 J=1,N
L3li+J
Kazkls
GEGHUSIL) eFTRIIE(K)

GOTOD 13

Gtl)=0,
G(2)=0,

PO 12 Jis=isN
LsLlsl
Kskls j1
L2=L+MD
K2zK+MD
G(1)=2Gel)4LS (L I *HTRUE(K)-US(L2)#HTRUF(K2)
G(2)=2G(2)+LS (1 Y*HTRUE(K2)+US(L2)*»HTRUE(K)

K=MODE~1

GCOT0 (14,19),NC

1F (ABSF(FL(K)/FL(MODE}=1.) = EP) 15,15,16

G=1.,

GOTO0 17

G=(FL{K)=-FL(MODEY) /7 G

N 18  d=1,A\

Kzki+J
L=i1+J
KWTRUE(K)IEH({| ) «G(1)eHTRUE(K)

G0T0 25 :

K=2weK

JS2wMODE

OR COMPLEX)

MTRS0114
MTRS0115
MTRS0116
MTRS0117
MTRS0118
MTRS0120
MTRS0121
MTRSN122
MTRS0O123
MTRS0129
MTRS0131
MTRS0132
MTRS0133
MTRS0233
MTRSNZ223
MTRS0225
MTRS0276
MTRS0227
MTRS(Q228
MTRS07229
MTRSN230
MTRS0231
MTRSD235
MTRS0237
MTRS0238
MTRS$02490
MTR§0241
MTRSD242
MTRS0243
MTRSD244
MTRS0246
MTRS0247
MTRS0248
MTRS0249
MTRS0250
MTRS0251
MTRS0252
MTRS§0253
MTRS0254
MTRS0255
MTRS 0256
MTRS0257
MTRS0258
MTRS025%
MTRSD240
MTRS0261
MTRSNZ262
MTRS0263
MTRS0264
MTRS0265
MTRS0246
MTRS0267
MTRS0248
MTRS0269
MTRS50270
MTRS0271
MTRS0272
MTRS0273
MTRS0274
MTRSD0275
MTRSN276
MTRS0277
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aqanaa

TP« ABSF((FL(in)'FL(J-l)*FL‘K)tFL(J))/(FL(«-i)**Z*FL(J)*'Z)-l.)

1 =EP) 20,20,22 '
20 IF ( ARSF{(FLU(KY®FLEGJ=1)=F(KeldaF | CU)) / (FLUJ=1)ew2eF | {J)e%2))
1 ~EP) 21,21,22
21 6({1)=1,
G(2)=0,
GOTO 23

22 G(3)aG(1)ew2eG(2)we2 .
GLA)(FL(K)=FL{ ) eGq)=(FL(Ke1)=Fi {i=1))wG(2)
GULIs((FL(K=1)=FLAJ=1))2G{1)e(FL(K)=FLLJ)I®G(2)) / G(3)
n(2Y=s G(4) /7 G(3)

23 no 24 Jisi,n

KeKieJl
K2zKe MD
L=l 141
2= =MD
G(3)=HTRUE(K)
HTRUE(K)2 H(L)+ G(2)eHTRUE(K2)-G(1)*HTRUE(K)
HTRUE(K2)= H(L2)= G(1)*MTRUE(K2)~G(2)+G(3)
24 CONT INUE :
25 CONTINUE
=0
CALL NPNRMX (HTRUE(K1+1),HTRUEIKL1+1),N,C, I,¥D,NC )
31 G0TO0  (24,32),N(
26 DO 29 J=1,\
Lis(J i) wMD
L22K14J
no 29 I=1,N
Lelisl
IF  (1«INDEX) .28,27,28
27 utL)=0.
GOTO 29
28 Kekle]
UCL)=U (L) =W {KYysUS(L2)

29  CONTINUE

30 RETURN

32 N0 35 ]=1.N
LisMDeNCr(I-1)

L2eKiw]
JEL2+MD
po 35 Jisi,wn
LzLisJl
K3z +MD :
IF (J1-INDEX)  34,33,34
33 Uty yst,
U{k3)=n,
G0TO 35
34 KekleJgl
K2z=K+MD
Ut ) sUCLY=H(K)2US(L2)sH{K2)#S(
UCK3IZ (K3 ) HIK2IRUS(L2) e H{KI®US(.))

35 CONTINUE
GOTO 30
END
SUBROUTINE MITERS (A, NTAPE, N, GUESS, MGUESS, MMODE, VECTOR,
i EIGVAL, NITER, NITRSP, EPSP, )
2 US, H)MAXR, NC, AITKEN, NAKSR,UTRSV)

CALLING SEQUENCE.....
A = MATRIX, DIMENSIONED (MAXR X 2«N) = REAL
(MAXR X 2#N) = COMPLEX
N = ORDER OF MATRIX
GUESS=1ST, GUESS VECTOR, DIMENSIONED (MAXR X 13 - REAL

MTYRS0278
MTRSN279

MTRS028
MTRS0281
MTRS0282
MTRS0283
MTRS0284
MTRSO285
MTRS0286
MTRS0287
MTRS0288
MTRS0290
MTRS0291
MTRS0292
MTRS0203
MTRS0294
MTRS0265
MTRS0296
MTIRS0294
MTRSD298
MTRS0299
MTRS0301
MTRS0302
MTRSO3N4
MTRS0305
MTRS0305
MTRSO3N07
MTRS0308
MTRS0309
MTRS0310
MTRS0341
MTRS0312
MTRS0313
MTRS0314
MTRS0315
MTRS0317
MTRS0319
MTRS0320
MTRS0321
MTRS0322
MTRS0323
MTRS0324
MTRS0325
MTRS032¢
MTRS0327
MTRS(0328
MTRS0329
MTRS0330
MTRS0331
MTRS0332
MTRS0333
MTRS0334
MTRS0336
MTRS0337
MTRS0375
MTRS0376
MTRS0377
MTRS0 344
MTRS0343
MTRS0344
MTRS0346
MTRS0347
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c

. {MAXR X 2) = COMPLEX
NGUESS=0, ROUTINE SUPPLIES GUESS VECTOR
=+3, GURSS pONTAINS GUESS VECTOR
NMODESNUMBER OF EIGEN SOLUTIONS REQUESTED
VErTOREFIGENVECTORS, DIMENSIONED (MAXR X NMOTE) - RFAL
) (MAXR X 2#NMOLE) =» COMPLEX
EIGVALSE IGENVALUES (NMODE X &) = REAL
' (NMNDE«2 X 1) « COMPLEX
N]TER=NUMBER OF 1TERATIONS PER MODE
NITRSP = MAXIMUM NUMBER OF SINGLE PREC, ITERATIONS
ERSP s CANVERGENCE CRITER!A FOR SINGLE ROOTS
US=CHECK E1GENVECTORS,DIMENSIONED (MAXR X NMCDE) = REAL
' (MAXR X 2¢ANMCDE) = COMPLEX
HEWORKING AREA OF CORE DIMENSIONED {®AXR %X (AMODE+4) - REAL
(MAXR X 2¢(NMODE+4) = COMPLEX
WILL CONTAIN CHECK EIGENVALUES, IF REQUESTED
MAXR 3 DIMFENSIONER NUMBER OF ROWS
NC = 1, PROBLEVM REAL
= 2, PROBLEM CoMPLEX
AITKEN = AITKFN CONVERGENCE CRITERIA
NAKSR ® NUMBER OF TIMES AITKEN APPLIED
DIMENSTON a(l), GUESS(1), VECTOR(l), EIGBvVAL(1), NITER(1), US(L),
1 H(1), NAKSR(1),UTRSV(1)
DEFINE PROGRAM CONSTANTS AND ZEROS,
8 MODF=D
ATSAITKENS 2
IF { EPSP ) 12,9,12
g FPSP = ,iE-08
12 1F ( NGUESS ) 15,13,15
13 JL1EMAXRW (NC~1)
po 14 1sl,n
KeJt+]
GUESS(K)I=O,
14 GUESS(I)=1,
15 MODE-= MODE+l
NAKSR(MODE)=0
160=1
NITER(MONE)SO
klzNCaMAXR#(MODE~1)
K2=K1+1
K3aNCe (MODE-1)*1
K4z NOeMAXR
K52 K4«NMODE
K6zKBex 4 . -
MovE FIRSY GUESS INTO POSITION
N0 16 Js1,NC
JizMpAXRe( j=1)
no is I‘loN
KeKieJi*]
LsJie]
16 H{K)=GUESS (L)
17 NAK=Q
1a NITER(MODE)=NITER(MODE)+1
NAKENAK®Y
INDEX=D
CALL DPPMLTX (A,NC, M(K2),NC. VECTOR(K2), N,N,1, MAXR,MAXR,MAXR
CALL NPNRMX (VERTOR(K2), M(K2), N, EIGVAL(K3), INDEX, MAXR, NC
TESY FOR SINGLE ROQT CONVERGENCE
D0 23 Uzl ,NC
Jis(d=1)*#MAXR
KeK1sJ1

MTRS0348
MTRS0379
MTRS0350
MTYRS0351
MTRSD352
MTRS0353
MTRS0354
MTRS0355
MTIRS035%
MTRS0357
MTRS0358
MTRS0340D
MTRS0361
MTRS50362
MTRS0363
MTRS0364
MTRS0367
MTRS0368
MTRS03649
MTIRS0370
MTRS0371
MTRS03g0
MTRS03a1
MTRS0408
MTRSD409
MTRS0411
MTRS0412
MTRS0413
MTRS0417
MTRS0419
MTRS0420
MTRS0421
MTRS0422
MTRS0423
MTRS0425
MTRS0426
MTRG0478
MTRS0429
MTRS0430
MTRS0431
MTRS0432
MTRSNA33
MTRS0434
MTRS0435
MTRE0437
MTRS0438
MTRS0439
MTRS0440
MTRS0441
MTRS0442
MTRS0443
MTRS0445
MTRS0446
MTRS0447
MTRS0448
MTRS0449
MTRS0450
MTRS0452
MTRS0453
MTRS0454
MTRS0455
MTRS0456
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19 LeK5+ )2

MTRS0457

DO 20 =21,N MTRS0458

L=+l MTRS045¢g

KeKel MTRSD460

, IF ( ABSF(H(L)=H(K)) = EPSP) 20,20,24 MTRS0461
20 CONTINYE . MTRS0442
GOTO 100 MTRSN463

21 Do 22 Isi,N MTRS0464
KeK+l MTRS0465

IF  ( ABSF(US(K)=H(K)) = EPSP ) 22,722,224 MTRS0466

22 CONTINUE . MTRS0467
23 CONTINUE MTRS0466
100 IF ACCUMULATOR QVERFLOW 108,102 MTRS0469
102 GOTO 56 MTRS0470
c NO CONVERGENCE, SO0 TEST MAXIUUM NUMBER OF ITERATIONS, MTRS0474
24 1F (NITER(MODE)=NITRSP) 25,46,46 MTRS0475
c NOT YET FXCEEDEnR, S0 TRY FOR AITKENS TIME., MTRS0477
25 GOTO (40,44,31),NAK MTRS0478
C TEST FOR AITKENS CONVERGENCE, MTRS0481
31 GOTO { 26,36),NC MTRS0482
26 DO 28  l=1,N MTRS0484
JEKS+] MTRS0485
KeK1«l MTRS0446

1F { US(K)YsH(}) ) 27,261,27 MTRS0487

264 IF  { HIK)=US(K) ) 32,2832 MTRSD488
27 IF t (ABSF( (H(K)=US(K})/ (US(K)=H(J)) )) =~AITKEN) 28,28,32MTRS0489
2a CONTINUE MTRS0490
C ALL VECTOR ELEMENTS DK, SO APPLY ALTKENS SPEELER-UPPER, MTRS0492
ne 3" 1=1,N MTRS04¢3
JEKS ] MTRSO494

KzKtie! MTRS0495

A= (HIKI 2, ¢US(KI+H{J)) MTRSO0496

1F (G )Y 29,30,2¢ MTRS0497

29 HIK)sKH{MD = ( (USIKI»H(J))**2 / Q) MTRS0498
30 CONTINUE MTRS0499
NAKSR(MODE)shAKSR(MODE) + 1 MTRS0500
GOTO 17 MTRS0501

C CONVERGENCE TEST NpT MET, RESYORE AND TRY AGAIN, MTRS0503
32 n0 33 L=1,NC MIRS0504
Jis(L=1)*MAXR MTRS0505

Do 33 I=1,wn MTRS0506
JeKleJlel MTRSO507

K2KS5+. J1+] MTRS0508
HE{KYysUSC(J) MTRS0S509

33 US(J)Y=HOY) MTRS0540
NAKS2 MTRS0541
GOTO 18 MTRS0512

C IF PROBLEM GOMPLEX, REPEAT ALL ABQVE FOR COMPLEX ARITHMETIC, MTRS0514
36 N0 38 I=mi,N MTRS0545
JEKSe] MTRS0516

Kekls] MTRS0517
JJEJeMAXR MTRS0518
KK=K+MAXR . MTRS0549

0 5 (US(K)=H{J))*w2 + (USUKKY=H{JJ))we2 MTRS0520

IF 0D 37,361,37 MTRS0521
361 IF ( (H(K)~US(K)I#e2 & (H(KK) = US(KK))e#2 ) 32,38,32 MTRS0522
37 IF € ({H(K)~1ISIK)Iww2 & (M(KK) - US(KK))#*#w2) / 0-AT) 38,38,32 MTRSD523
38 CONTINUE MTRS0525
no 39 t=1,A MTRS0527
JzKBe | MTRS0528
JysJeMAXR MTRS0529
KsKiwl MTRS0530
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35

1
2

1

KKzKeMAXR

Q 2 (B(KI=2,%US(K)+H({J)I®*2 & (H(KK)»2,0USIKK)oH(J ) )un?
1F ¢ n Y 35,39,35 :

XEH(K)

HIKY2 HJ) = ( (CCUSEIK)=H(J) I 092 (USIKK)oM{Ji)Iwe2)w(H(K)=2,

USIKIHIJI)I (2, «(US(K)mH{J) ) (USIKK)rH(JJY)w
(H(KK) =2, +US(KK)+H(JJ) 1)) 7 @)
HIKKYSH{JJ) = (L2 4 (US(K)2HCJ) IO (US(KKI“HEJI) ) I w(Xe2,
USIRYSHE D I=((USIKI=HI) I wa2r (USEKK) =K JJ) ) we2)

27 (H{KK) 2, #US(KKISH(JI))) 7 0 )

39

40

41

44

45

CONTINIE
NAKSR(MODE) = NAKSR(MODE) + 1
GQT0 17

no 41 Jal,NC
JizMAXRe ( J=1)
DO 41 Isi,N
KsKiwJl el
teKSeJlel
HOL)sH(K)
GOTO0{(18,56),1G0
PC 4% szl,NC
JI=MAXR® { J=1)
DO 45 Isi,N
KeKle Jie]
US(KY=H(K)

GOTO 18 .

MODE BID NOT CONVERGE IN NORMAL I1TERATION

46

56

58
5¢
67

10a

70
71

72

8n

81
82

MODE s MODE~1

PRINT 94,MODE

GO Tn 80

DO 58 Jz1.,NC

J1sMAXRe (J=1)¢ INDEX

no S5g l=1,N

K=sK1sMAXR*(Jrl) el

US(Ky=aeJ1)

JlzJlexd

CALL SWEEPX (VECTOR,A,H,US,EIGVAL,MODE,N,MAXK,NC, INDEX,EPSP)

Jlz(NC=1)«MAXR& INDEX

GUESS(J1)=0,

GUESS(INDEX)®0,

1F (NMONE-MODE) 70,70,19%

PRINT 139

MORE = MODEw-1

PRINY 132,MDLE

NMODE = MODE

GO T0 7n

IF ( MTAPE ) 71,80,71

CALL DPMLTX C(UTRSV,NC,VECTOR,NC,US,N,N,MODE,¥AXR,MAXR,MAXR)

J =1

K = 1

DG 72 1=1,MOLE

INDEX = 0 .

CALL NPNRMX (US{J) USCJI)I N, HIK), INDEX,MAXR,NC)

J o2 Jeka

K = K+NC

PRINT 95

n0 86 1=231,MO0DE
LITR=NITER(I)=«NITRSP

IF ( LITR) 81,82,82

LITReD

GOTO 85

NITER(T1)=NITRSP

MTRS50531
MTRS0532
MTRS0533
MTRS0534
MTRS0536
MTRS0537
MTRS0538
MTRS0539
MTRS0549
MTRS0541
MTRS0542
MTRS0543
MTRS0544
MTRS§0547
MTRS0548
MTRS(549
MTRSN550
MTYRS0551
MTRS0552
MTRS0553
MTRS0555
MTRS0556
MTRS0557
MTRS0558
MTRS0559
MTRS0540
MYRS0562
MTRS0564
MTRS05465
MTRS0566
MTRS0615
MTRS0616
MTRSD817
MTRS0618
MTRS0619
MTRS0620
MTRS0621
MTRS0636
MTRS0637
MTRS0638
MTRS0641
MTRS0646
MTRS0647
MTRS0648
MTRS0649
MTRS0650

MTRS0666
MTRS0467
MTRS0668
MTRS0669
MTRS0670
MTRS0671
MTRS0672
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85

GOTO

(BX,84) N6 : MTRSD675
8% PRINT 97, ( 1,EIGVALUI),NITERCT)Y,NAKSR(I)) MTRS0676
GOTO B4 MTRS0678
84 L=2e]ry MTRS0679
' PRINT 96, ¢ 1, EIGVAL(L),EIGVALCL+1) ,NITER(I) MTRS0680
1, NAKSK(1)) MTRS0681
86 CONTINUE MTRS06A2
IF ( MODE ) 92,92,88 MTRS0683
88 PRINT 98 MTRS0684
L=MODE«NC MTRS0685
CALL MPRINT (VECTOR,N,L,MaXR) MTRS0686

IF ¢ NTAPE ) 92,92,90

90 PRINT o9
PRINT o3, (H(1),1s1,L)
CALL MPRINT (US,N,L,MaAXR)
92 RETURN MTRS0691
93 FORMAT (1H ,&Flg.a)
94 FORMAT (5H MCDE,114,40H HAS NOT CONVERGED IN MAXIMUM ITERATIONS//)IMTRS0693
9% FORMAT (1H17X, &H MODE 15X, 11H EIGENVALUE 24X, MTRS0694
10HITERATIONS 11X, 7HAITKENS /) MTRS0605
96 FORMAY (1bk 11411, 2€19.8, 1122, 1119 } MTRS06%7
97 FORMAT (1H 1111, 9X, 1£20,8, 99X, 1122, 1119 ) MTRS0698
98 FORMAT (1HD / 1HO 46X, 14H EIGENVECTORS ///) MTRS0699
99 FORMAT (1HD / 1HO 36H CHECK EIGENVALUES ANL EIGENVECTORS )

131 FORMAT (48HIERRNR IN ITERATION SUBROUTINE....t OVERFLOW )) MTRS0701
132 FORMAT (25H . CAI CULATION TERMINATED.,116,19K MODFS ARE CCRRECY.) MTYRS0702
END MTRSD704
END MTRS0704
END MTRS0704
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